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ABSTRACT

Estimated kokanee (Oncorhynchus  nerka) abundance in Lake Pend Oreille
was 4.3 Million during September 1996.  This estimate was similar to 1985      
and indicates continued suppression of the kokanee population since init ial
d e c l i n e  i n  t h e  l a t e  1 9 6 0 s .  A t y p i c a l l y  h i g h  s u r v i v a l  o f  w i l d  f r y  r e s u l t e d
i n  s i m i l a r  f r y  r e c r u i t m e n t in  1986  as  1985 ,  whereas  hatchery- reared  f ry
c o n t r i b u t e d  o n l y  8 %  t o  t o t a l  f r y  r e c r u i t m e n t  a s  a  r e s u l t  o f  l o w
p o s t - r e l e a s e  s u r v i v a l  ( 3 % ) .  (3%).  F r y  r e l e a s e d  i n t o  t h e  C l a r k  F o r k  R i v e r  f r o m
Cabinet Gorge Hatchery had very low survival during emigration to Lake Pend
Oreille, Resulting from poor flow conditions and potentialy highpoor   
predation. Fry survival during emigration was twice as high during Fry     
n i g h t t i m e  f l o w s  o f  1 6 , 0 0 0  c f s  t h a n  7 , 8 0 0  c f s .  Emigration also was faster
during higher f lows.

Severa l  marks  were  tested to  d i f ferent ia l ly  mark  f ry  re lease  groups to
help determine impacts of f low and other factors on fry survival.  Survival
of  f ry  marked wi th  te t racyc l ineIn  and f luorescent  dye  was h igh (>99%)  dur ing
the  lo -week s tudy .  I n  c o n t r a s t , survival o f  f r y  m a r k e d  w i t h  f l u o r e s c e n t
g r i t  m a r k s  r a n g e d  f r o m  5  t o  93%, depending on appl icat ion pressure  and
distance f rom the  f ry .  Retent ion  was h igh (>96%) for  te t racyc l ine  and grit
marks during the study, whereas dye marks were discernible (100%) for only
one week.

T o t a l  e g g  t a k e  i n  1 9 8 6  w a s  9 . 1  m i l l i o n ,  w i t h  7 . 3  m i l l i o n  c o l l e c t e d  a t
Sul l ivan Spr lngs.  This low take represented 32% of the eggs necessary to
f i l l  C a b i n e t  G o r g e  H a t c h e r y  a n d  r e f l e c t e d  t h e  l o w e s t  f r y - t o - a d u l t  r e t u r n
r a t e  t o  S u l l i v a n  S p r l n g s  s i n c e  i n i t i a t i o n  o f  e n h a n c e m e n t  e f f o r t s  i n  t h e
mid-1970s. Low escapement to SuIIivan Springs may have been the result of
a major freshet in Granite Creek that fIushed spawners out of the system
during the peak of the run and/or straying.

Authors:

Edward C. Bowles, Fishery Research Biologlst
V e r n  L .  E l l i s ,  Flsherles  Techniclan
Doug1  as Hatch, Fisherles Technician
David I rv ing, F lsher ies  Technlcian
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INTFtODUCTlON

L a k e  P e n d  O r e i l l e  s u p p o r t e d  t h e  m o s t  popular k o k a n e e  s a l m o n
(Oncorhynchus  nerka) f i s h e r y i n  I d a h o  f r o m  t h e  1 9 4 0 s  u n t i l  t h e  e a r l y
1970s. The sport and commercial f i shery yiel ded an average annua I harvest
o f  o n e  m i l l i o n  k o k a n e e  f o r  3 6 0 , 0 0 0  hours’ o f  a n g l i n g  e f f o r t  f r o m  1 9 5 1  t o
1965 (Ell is and Bowler 1979). Sport anglers enjoyed catch rates as high as
3 . 5  fish/hr d u r i n g  t h e  m i d - 1 9 6 0 s . Annual  kokanee harvest  has decl ined
s t e a d i l y  s i n c e  1 9 6 5  t o  p r e s e n t  l e v e l s  o f  l e s s  t h a n  1 0 0 , 0 0 0  f i s h ,  w i t h  a
mean catch rate of approximately one kokanee/hr. In  addi t ion to  provid ing
an important  f ishery , kokanee are  the  pr imary  forage for  t rophy Kamloops
(Gerrard)  r a i n b o w  t r o u t  (Salmo gairdneri) a n d  b u l l  t r o u t  (Salvelinus
confluentus)  In  Lake Pend Orei l le .

Severa  I fac tors c o n t r i b u t e d  t o  t h e i n i t i a l decl i n e  o f  k o k a n e e
abundance. Hydropower development adversely impacted spawning success of
kokanee salmon. Albeni Falls Dam was completed in 1952 by the Army Corps
of  Engineers  as  par t  o f  the  Bonnevi l le  Power  Administ rat ion (BPA)  network .
Located on the Pend Oreil le River approximately 35 km downstream of Lake
Pend Orei l le ,  Albeni  Fai  Is  Dam ra lsed lake levels  by 4  m. Annual winter
drawdown, averaging 1 .3  m f rom 1951 to  1968 , increased embryo mortality by
exposing redds of lakeshore spawning kokanee (Bowler et al .  1979). Cab 1 net
G o r g e  D a m  w a s  c o n s t r u c t e d  o n  t h e  C l  a r k  F o r k  R i v e r  ( r k m  24) f o r  p o w e r
generation by Washington Water Power Company (WWP). Completion of this dam
in 1952 blocked an important kokanee spawning run into the Clark Fork River
a n d  t r i b u t a r l e s . Declining kokanee abundance may have been accelerated by
commercial and sport f ishing. The estab I I shment of opossum shrimp (Mysl s
relicta)  I n  L a k e  P e n d  O r e i l l e  d u r i n g  t h e  m i d - 1 9 7 0 s  a d v e r s e l y  i m p a c t e d
kokanee recruitment. Idaho Department of Fish and Game ( IDFG) 1 ntroduced
Mysis in 1968 to enhance the kokanee forage base. The expected response of
i n c r e a s e d  j u v e n i l e  g r o w t h  a n d  s u r v i v a l d i d  n o t  o c c u r  b e c a u s e  m y s i d s
competed w i t h  p o s t - e m e r g e n t  k o k a n e e  f r y f o r  c l a d o c e r a n  z o o p l a n k t o n .
Competit ion with and predation on zooplankton by mysids delayed production
o f  t w o  c l a d o c e r a n s  (Daphnia  a n d  Bosmina) t h a t  a r e  e s s e n t i a l  J u v e n i l e
k o k a n e e  f o r a g e  d u r i n g  t h e  f i r s t  f e w  w e e k s  o f  f e e d i n g  (Rieman a n d  B o w l e r
1980). Increased growth of ol der kokanee did not occur because of spatial
segregation between Mysls and feeding kokanee. Mysids remain in deep water
dur ing dayl ight  hours  and migrate  to  sur face  waters  a t  n ight . Kokanee are
v i s u a l  f e e d e r s  a n d  a r e  t h u s  a b l e  t o  f e e d  o n  t h e  s h r i m p  f o r  s h o r t  periods
during dawn and dusk only (Rieman 1977).

In teragency e f for ts  to  rehabilitate  the  kokanee f ishery  began dur ing
i t s  initial decl i n e . In 1967, the Army Corps of Engineers adopted a policy
f o r  o p e r a t i o n  o f  Albenl  F a l l s  D a m  t o  m i n i m i z e  w a t e r  l e v e l  fluctuations
durlng  kokanee spawning and incubat ion. IDFG r e s t r i c t e d  k o k a n e e  s p o r t
harvest and terminated the commercial f ishery in 1973. Hatchery production
o f  k o k a n e e  f o r  L a k e  P e n d  Ore11  le w a s  e s t a b l i s h e d  b y  1 9 7 4  a n d  h e l p e d
stabl l ize  populat ion numbers . D e l a y e d  p l a n t i n g  o f  h a t c h e r y  f r y  u n t i l
mldsummer to  avoid  ear ly  season forage def ic ienc ies  increased hatchery  f ry
surv iva l  up  to  13  t imes what  is  found in  the  wi ld  (Bowler  1981) . Hatchery
p r o d u c t i o n  k e p t  t h e  f i s h e r y  f r o m  t o t a l  c o l l a p s e ,  b u t  r e a r i n g  c a p a c i t y  o f
e x i s t i n g  h a t c h e r i e s  w a s  Inadequate  t o  r e b u i l d  t h e  f l s h e r y . P r i o r  t o  1 9 8 5 ,

2



hatcher ies  could  provide  only  s ix  to  e ight  mill Ion kokanee f ry  annual ly  for
Lake Pend Orei I le. Research ind icated  that  re leases  of  up  to  20 mil I  ion
f r y  a n n u a l l y  m a y  b e  n e c e s s a r y  t o  r e s t o r e  t h e  f i s h e r y  t o  h i s t o r i c  l e v e l s
(Rieman 1 9 8 1 ) .

I n an effort to enhance Lake Pend Orei I I e kokanee product ion, Cab i net
Gorge Hatchery was bui It on Cl ark Fork River 4 km below Cabinet Gorge Dam.
Cost  of  the  hatchery  was approximate ly  $2 .2  ml  I  I  ion  and represented a
cooperat  I ve effort among BPA, WWP and IDFG. BPA funding was from on-slte
r e s i d e n t  f i s h  m i t i g a t i o n  f u n d s  m a n d a t e d  b y  t h e  N o r t h w e s t  P o w e r  A c t  o f
1980. Construct ion and eva luat ion of  Cabinet  Gorge Hatchery  is  speci f ied
by Measure 804(e)(5)  of the Columbia River Basin Fish and Wildlife Program
(NWPPC  1 9 8 4 ) . Cabinet Gorge Hatchery was operational by November 1985 and
a t  f u l l  c a p a c i t y  w i l l  p r o v i d e  u p  t o  20 m i l l i o n  k o k a n e e  f r y  f o r  r e l e a s e  i n t o
the Pend Ore i i le  system. Rebui ld ing the  kokanee populat ion to  a t ta in  the
goa I of over 0.75 m 1 I I ion kokanee harvested annual I y and 300,000 hours of
effort wil l  depend on production from this hatchery.

Th is  research proJect  was deve loped by  IDFG in  cooperat ion wi th  BPA
and WWP to evaluate the contribution of Cabinet Gorge Hatchery to the Lake
Pend Orei I I e kokanee stock and f 1 shery and to provide recommendat ions for
opt imiz ing kokanee product ion and surv iva l .
(>90%) o f  fundlng  f o r  t h i s  proJect.

B P A  p r o v i d e d  t h e  m a j o r i t y
Funds from WWP were used for the fry

mark 1 ng study t h a t  e x a m i n e d  t h e  feaslbllity o f  differentially  marklng
kokanee r e l e a s e  g r o u p s . W W P  a l s o  p r o v i d e d  f u n d i n g  a s s i s t a n c e  f o r
evai uating kokanee fry re I ease stra teg les , which included provid ing
requested discharge  rates from Cabinet Gorge Dam.

OBJECTIVES

1. To assess the status of kokanee in Lake Pend Ore1 I le during the f I  rst
year  o f  influence of  Cablnet  Gorge Hatchery ,  lncludlng populatlon s ize ,
age compositlon  and hatchery-wild composltion.

2 . To determine kokanee age composi t ion,  growth and surv iva l  in  re la t ion
to population density and carrying capacity of Lake Pend Oreil le.

3 . T o  e v a l u a t e  s i z e ,  t i m i n g  a n d  l o c a t i o n s  f o r  r e l e a s e  o f  h a t c h e r y - r e a r e d
kokanee.

4 . T o  d e t e r m i n e  f e a s i b i l i t y  o f  differentially  m a r k i n g  f r y  r e l e a s e  g r o u p s
by evaluating retention and mortality associated with various marks.

5 . To obtain Index information on natural spawning kokanee.

6 . To moni tor  the  Lake Pend Ore i l le  zooplankton  communi ty  and re la te  to
changes in kokanee abundances.

7 . To obtain pre-hatchery harvest data for the Lake Pend Orei I le f 1 shery
f o r  comparison w i t h  slmllar  d a t a  a f t e r  h a t c h e r y  p r o d u c t i o n  i n f l u e n c e s
t h e  f i s h e r y .
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STUDY AREA

L a k e  P e n d  Orei I  le Is l o c a t e d  In t h e  p a n h a n d l e  o f  I d a h o  ( F i g .  1). i t
is  the  largest  lake  in  Idaho, with a surface area of 383 km2, mean depth of
164  m and maximum depth of  351 m. Mean surface elevation of Lake Pend
Orei I le Is  629 msl. The Cl ark Fork River 1 s the I  argest tr ibutary to Lake
Pend Orei I le. Outflow from the lake forms the Pend Oreil ie River.

L a k e  P e n d  Oreille i s  a  t e m p e r a t e ,  o l i g o t r o p h i c  l a k e . Summer
temperatures  average approximate ly  9  C in  the  upper  45  m o f  water  (Rleman
1977). Therma I stratification  typlcally  o c c u r s  from l a t e  J u n e  t o
September. T h e  N:P r a t i o  i s  typlcally h i g h  (>ll) a n d  i n d i c a t e s  p r i m a r y
production may be P l imited (Rieman and Bowler 1980). Mean chlorophyll  “an
concentrat ion dur ing summer  is  approxlmate ly  2  ug/l. Summer mean water
transparency (Secchi  disk) ranges from 5 to 8 m.

A  w i d e  d i v e r s l t y  o f  f i s h  s p e c i e s  a r e  p r e s e n t  i n  L a k e  P e n d  Orellle.
Kokanee entered the lake in the early 193Os, presumably from Flathead  Lake,
and were well  established by the 1940s. Other game fish Include: Kamloops
(Gerrard)  r a i n b o w  t r o u t ,  b u l l  t r o u t ,  r a i n b o w  t r o u t  (Saimo galrdneri),
c u t t h r o a t  t r o u t  (Salmo clarki), l a k e  w h i t e f i s h  (Coregonus culpeaformis),
mountaln whitefish (ProsopIum wllllamsonl)  and several spiny ray species.

lE-lHOOS

Kokanee Abundance

Kokanee were samp I ed in September w I th a ml d-water tr-au I towed by a
8 . 5  m b o a t  p o w e r e d  b y  a  1 4 0  h p  dlesel  e n g i n e . T h e  t r a w l  n e t  w a s  1 3 . 7  m
long with a 3 x 3 m mouth. Mesh sizes (stretch measure) graduated from 32,
25, 19 and 13 mm in the body of the net to 6 mm 1 n the cod end. Al I age
c I asses of kokanee were coi I ected. Trawling was done at night during the
dark  phase of  the  moon to  opt imize  capture  e f f ic iency (Bowler  1979). The
t r a w l  w a s  t o w e d  a t  1 . 5  m / s e c o n d  a t  d e p t h s  c a l i b r a t e d  w i t h  s o n a r . Each
obl lque h a u l s a m p l e d  t h e  entlre vertlcai d i s t r  bution o f  k o k a n e e ,  a s
determined from echograms produced by a Ross 200 H depth sounder with two
h u l l - m o u n t e d  t r a n s d u c e r s  (220 a n d  80 b e a m  a n g l e s ) . T h e  v e r t i c a l
d i s t r i b u t i o n  o f  k o k a n e e  w a s  d l v i d e d  I n t o  3 . 5  m l a y e r s ;  u s u a l l y  3  t o  5
layers  encompassed the  vertical d i s t r i b u t i o n  o f  k o k a n e e . A standard
3 .5  minute  tow was made in  each I ayer,  sampl  ing 2 ,832 m3 o f  water  over  a
d i s t a n c e  o f  3 0 5  m . T o t a l  v o l u m e  o f  w a t e r  s a m p l e d  f o r  e a c h  t r a w l  h a u l
v a r i e d  f r o m  8 , 4 9 6  t o  1 4 , 1 6 0  m3, d e p e n d i n g  o n  t h e  vertical d i s t r l b u t i o n  o f
kokanee.
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A stratified  systematic sampllng  scheme was used to estimate kokanee
abundance and density. Lake Pend Oreil le was divided into six sections or
s t r a t a  ( F i g .  2). T h e  a r e a  o f  e a c h  sectlon w a s  c a l c u l a t e d  f o r  t h e  9 1 . 5  m
contour; however, SectIon 6  w a s  calculated  f r o m  t h e  3 6 . 6  m c o n t o u r  i n  t h e
nor thern  end because of  sha l lower  water  (F ig .  2). The 91.5 m contour was
used because 1 t represents the pelagic area of the I  ake where kokanee are
f o u n d  i n  S e p t e m b e r  ( B o w l e r  1 9 7 8 ) . S i x  t r a n s e c t s  w e r e  s y s t e m a t i c a l l y
se lected wi th in  each sect ion and one haul  (sample)  was made a long each
transect . Total sample size in 1986 was 36 hauls.

Fish numbers/transect (haul 1 were weighted by transect vol ume and the
age-specific  n u m b e r  o f  k o k a n e e  f o r  e a c h  s t r a t u m  w a s  c a l c u l a t e d  w i t h  t h e
f o r m u l a  (Scheaffer  e t  a l .  19791:

Tl = Ni;l

w h e r e :  N i = to ta l  possib le  s tandard  t ransects  for  stratumi

vi = total  f ish collected weighted by standard
transect/number of transects.

The variance  associated with this estimate was calculated  as:

t(Ti 1 = $1 (s2i/ni 1 ((Ni-ni  )/NL 1

w h e r e :  s2L =
c
1~1 (yi-yi12/(ni-l)

n1 = number of samples (hauls) taken In stratumi.

A 90% bound (B) (@= 0.10)  was placed on this estimate by:

B = 1.6/G

Total kokanee in Lake Pend Oreille for each age class was calculated as:

L
c

Ttotal  = I=1 NiVr

where: NIV1 = populat ion est imate  for  each st ra tum( i )  for
L t o t a l  s t r a t a .

The variance associated with thls estimate was calculated  as:

L
&(Ttotal  1 = fi &UN t-nl)/NL)(s2L/n1)

A 90% bound (B) (d = 0.10)  was placed on thls estlmate  by:

B = 1.
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Kokanee population e s t i m a t e s  ( t o t a l  a n d  b y section)  w e r e  divlded  b y
respective I ake surf ace a r e a s  t o c a l c u l a t e kokanee d e n s i t i e s
(number/hectare) for each age class.

Survival

Rela t ive recruitment and s u r v i v a l  o f hatchery-reared fry were
determi ned from traw I catches of marked hatchery-reared fry. A port ion of
the total  hatchery fry were marked w 1 th tetracycl I ne pr Ior to release 1 nto
L a k e  P e n d  Oreille trlbutarles. Tetracyc l ine  (TM-501  was mixed with  f ish
feed at  the  ra te  of  11% by weight  and fed  to  kokanee f ry  for  10  days  pr ior
t o  r e l e a s e . Kokanee f ry  captured I n  t h e  t r a w  I d u r i n g  S e p t e m b e r  w e r e
e x a m i n e d  f o r  t e t r a c y c l i n e  m a r k s  w i t h  a  l o n g  w a v e ( 3 , 6 0 0  8) u l t r a v i o l e t
I Ight. W h e n  e x p o s e d  t o  u l t r a v i o l e t  l i g h t ,  a  y e l l o w  s h e e n  IS o b s e r v e d
around the mandibles, opercles and bases of pelvic and pectoral f ins. This
m a r k  I s  visible f o r  s e v e r a l  m o n t h s  a f t e r  r e l e a s e . S u r v i v a l  o f
h a t c h e r y - r e a r e d  k o k a n e e  f r y  w a s  d e t e r m i n e d  b y  comparing e s t l m a t e s  o f
te t racycl ine-marked f ry  In  the  lake  dur ing September  to  known numbers  of
marked f ry  re leased ear l ier  In  the  year .

Tetracycline-marked  f r y  h a v e  b e e n  r e l e a s e d  i n  L a k e  P e n d  Oreille a n d
I t s  tributarles since 1 9 7 8  ( T a b l e  1). During 1986, f r y  r e l e a s e d  i n t o  t h e
Cl ark Fork River from Cabinet Gorge Hatchery were marked with tetracycl 1 ne
and comprised 68% of the total fry released into the Pend Orei I I e system.
All addi t ional  f ry  were  re leased in to  Sul l ivan Springs Creek,  of  which 71%
were marked with tetracycline.

Wild f r y  s u r v i v a l f r o m  potential  e g g  d e p o s i t i o n  (PED) t o  S e p t e m b e r
abundance was e s t i m a t e d  f r o m  t r a w l catches. P E D  w a s  c a l c u l a t e d  b y
multiplying average fecundity  by estlmated mature female kokanee abundance.

Annua I survival w a s  e s t i m a t e d  f o r  a g e  l+ a n d  o l d e r  k o k a n e e  b y
comparlng t r a w l - e s t i m a t e d abundance for  each year  c l  ass  between years .
Relative dlstributlon by sectlon of kokanee age classes was determined from
abundance estimates for trawl catches within each section.

Emlgration r a t e  a n d  r e l a t i v e  s u r v i v a l  o f  k o k a n e e  f r y  emlgratlng  f r o m
Cabinet Gorge Hatchery to Lake Pend Ore1 I I e (22 km) were estlmated dur 1 ng
var ious d ischarge ra tes . Fry were released from the hatchery at dusk and
a l l o w e d  o n e  h o u r  a c c l i m a t i o n  p r i o r t o  f l o w  m a n i p u l a t i o n  b y  W W P .
Approximately  1 .1  mill ion  f ry  were  re leased in to  the  Clark  Fork  River  on
July 30. An addltlonal  1.5 ml I I  ion fry were released on August 4 and 0.77
mlllion on August 12. WWP provided approximately 16,000 cfs f lows for two
nlghts (4 h o u r  pulse/night) f o l l o w i n g  t h e  f i r s t  r e l e a s e . Flows were
maintalned  a t  7 , 8 0 0  c f s  f o r  t w o  nights f o l l o w i n g  t h e  s e c o n d  r e l e a s e  a n d
7,800  c fs  for  one n ight  fo l lowing the  th i rd  re lease.  Dam discharge records
were provided by WWP (Fig. 3). We verified  and calibrated these f lows on
site with a General Oceanlcs velocity  meter.
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Table 1. Locatlon  and marking of hatchery-reared kokanee fry released In
Lake Pend Oreille and Its tributaries.

Locat  i on Date
Number of

kokanee fry
Tetracycllne-

marked

Sullivan Springs 7/78
Sullivan Springs 7/79
Sullivan Sprlngs 7/80
Sullivan Springs 7/81
Clark Fork River 7/81
S u l l i v a n  Springs 7/82
Cl ark Fork River 7/82
Clark Fork River 7/82
Seen Ic Bay 7/82
Pack River 7/82
Spr I ng Creek 7/82
Gamb I I n Creek 7/82
Sand Creek 7/82
Strong Creek 7/82
Schweitzer Creek 7/82
Grouse Creek 7/82
East River 7/82
Hoodoo Creek 7/82
Prlest  Rlver 7/82
Sullivan Springs 7/83
Clark Fork River 7/83
Cl ark Fork River 7/83
Strong Creek 7/83
Sand Creek 7/83
Schweitzer Creek 7/83
Pack River 7/83
Priest R i v e r 7/83
Grouse Creek 7/83
East RI ver 8/83
Hoodoo Creek 7/83
Murphy Creek 8183
Cl ark Fork River 7/84
Cl ark Fork River 8184
Gran I te Creek 7/84
Granite Creek 7/84
Gran I te Creek 8184
Gran i te Creek 8/84
Cl ark Fork River 7185
Cl ark Fork River 8185
Granite Creek 8/85
Sullivan Springs 8/85
Clark Fork River 7/86
Cl ark Fork River 8/86
Cl ark Fork River 9/86
Sullivan Sprlngs 8/86
Sullivan Springs 8/86

1,600,OOO Yes
1,745,730 Yes
1,081,400 Yes
2,219,800 Yes
1,933,600 Yes
2,487,800 No
1,200,500 Yes

653,000 No
1,480,600 No

21,300 No
100,500 Yes

8,400 No
8,400 No
8,400 No
8,400 No
7,700 No

10,700 No
25,100 No
22,500 No

2,875,600 No
1,883,300 Yes

607,100 No
12,000 No
10,200 No
10,200 No
25,500 No
20,400 No
10,200 No
20,400 No
25,400 No
17,000 No

645,034 No
1,011,594 No
1,388,638 Yes
1,204,886 No

571,900 Yes
49,088 No

1,209,128 No
1,325,095 Yes

489,888 No
2,938,391 No

10,014 No
3,392,882 Yes

12,621 No
466,176 No

1,128,555 Yes
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Fry were sampled with a series of 5 to 10 drift  nets suspended from a
br idge near  Clark  Fork , Idaho, approximately 20 km below the hatchery as
they  imnigrated  to  Lake Pend Ore11  le . The nets were 3 m long w I th a round
1 m diameter mouth tapering to a 102 IINII diameter detachable bucket (PVC).
Mesh sizes (stretch measure) graduated f ram 6.4 mm near the hoop to 3.2 mm
in the cod end.

Nets were suspended from the bridge w I th a cable and put iey system and
h e l d  i n  p o s i t i o n  w i t h  a  3 2  k g  s e c t i o n  o f  i r o n  r a i l . Nets were set and
pul led, using a truck-mounted pivot I ng boom and a 66 cc gas-powered chain
saw winch. The cab I e and pu I I ey system was designed to al I ow nets to be
p o s i t i o n e d  d i f f e r e n t l y  i n  t h e  w a t e r  c o l u m n  a n d  t o  a l  l o w  t h e  w e i g h t  t o
remain stationary on the river bottom during retrieval of the nets.

W e  u s e d  a  s y s t e m a t i c  s a m p l i n g  s c h e m e  s t r a t i f i e d  b y  t i m e  t o  c o l l e c t
kokanee f ry  and est imate  re la t ive  survlval and emigrat ion ra tes . Nets were
even1  y spaced across the river channel (262 m wide) and checked every two
to  four  hours  day and n ight  until  f ry  were  no longer  co l lected. Mean depth
o f  t h e  c h a n n e l  a t  t h e  sampl  I n g  s t a t i o n  w a s  a p p r o x i m a t e 1  y t w o  m e t e r s .
Emigrat ion ra tes  were  ca lcula ted by  d iv id ing the  d is tance t rave led (20 km)
b y  t h e  t i m e  r e q u i r e d  t o  t r a v e l . Surv I vai was measured by comparing
estimated abundance of emigrating fry near the mouth of Clark Fork River to
known numbers of fry released at Cabinet Gorge Hatchery. Fry abundance was
estimated by cal cu I at I ng the mean total catch/net/night and expand I ng the
e s t i m a t e  t o  r e p r e s e n t  t h e  e n t i r e  r i v e r  c r o s s  s e c t i o n . E s t i m a t e s  o f
s u r v i v a l  a n d  e m i g r a t i o n  r a t e s  w e r e  compared a s  a  f u n c t i o n  o f  C l a r k  F o r k
River f lows for three release groups.

Fry Marking

Several marks were tested for retention and associated fry survival to
d e t e r m i n e  t h e  f e a s i b i i i t y  o f  d i f f e r e n t i a l l y  m a r k i n g  k o k a n e e  f r y  t o  t e s t
s u c c e s s  o f  v a r i o u s  r e l e a s e  s t r a t e g i e s  o n c e  f I s h  h a d  e n t e r e d  L a k e  P e n d
Orei I le. F i v e  t r e a t m e n t s  w e r e  t e s t e d  a n d  i n c l u d e d : t e t r a c y c l i n e ,
f I uorescent dye (61 smark  Brown) a n d  t h r e e  d i f f e r e n t  a p p l i c a t i o n s  o f
f l u o r e s c e n t  g r i t . The tetracyci ine mark was administered in the feed (as
discussed in  the  prev ious sect ion) . The f I uorescent dye mark was appl led
by immers ing f ry  for  1  hr  in  a  so lut ion  of  1  par t  dye  to  30 ,000  par ts  water
by weight. The f luorescent grit  mark was appl led by spraying the granular
(30 t o  350 m i c r o n s )  p i g m e n t  i n t o  t h e  d e r m i s  l a y e r  o f  f r y  wlth  c o m p r e s s e d
a i r . The pigment was applied using three procedures: 50 psi from 15 cm to
the fry, 80 psi from 30 cm and 80 psi from 15 cm. Each treatment (mark
application)  was rep l icated four  t imes, resul t ing in  20  independent  lo ts  of
marked f ry  (5 t reatments  wl th  4  rep l icates  each) . Marked lots were held in
separate  net  pens constructed  of  3  mm hardware  c lo th  in  raceways a t  the
Muilan Hatchery.

M a r k  r e t e n t i o n  a n d  r e l a t e d  f r y  s u r v i v a l were mon I tored week I y for
10  weeks fo l lowing appl icat ion  of  the  marks . A  b l a c k  l i g h t  ( u l t r a v i o l e t )
was used to  determine  mark  re tent ion  f rom a  weekly  subsample  of  a t  least
1 0  f r y  f r o m  e a c h  l o t . Fry  marked only  wi th  te t racyc l ine  were  used as  a
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Figure 4. Angler access sites (A) used during the 1985 creel survey and
locations  of spawning ground surveys on lake shoals (S) and
tributary streams, Lake Pend Orellle,  Idaho.
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contro l  group when analyz ing surv iva l . Mark  re tent ion and surv iva l  were
compared over t ime within and among treatments to determine the feasibil i ty
of  us ing these marks  for  long- term (>4 weeks)  and shor t - term (1 week)  f ry
release studies.

a Take

Since 1 9 7 4 , IDFG has  mai n ta  I ned a  permanent  wei r a t  the  mouth  of
Sul I Ivan Springs C r e e k  ( t r i b u t a r y  t o  G r a n i t e  C r e e k ) ,  a  m a j o r  k o k a n e e
spawning tr ibutary to Lake Pend Oreille (Fig. 1). Th is  egg take  s ta t ion  has
provided kokanee eggs f o r  L a k e  P e n d  Oreiile,  a s  w e l l  a s  e n h a n c e m e n t
a c t i v i t i e s  f o r  o t h e r  l a k e s .

Naturally Spawning Kokanee

Adult kokanee were enumerated along lakeshore  and t r ibutary  s t ream
spawning areas to provide an index of naturally spawning kokanee abundance
( F i g .  4). Counts were made by walking each area once during the first week
of  December ,  the  est imated peak of  spawning act iv i ty . On I y predetermi  ned
portions of lakeshore spawning areas were surveyed, whereas entire spawning
areas  were  censused  in  t r ibutary  s t reams. Trestle Creek was al so censused
in September to determine use by early run kokanee spawners.

Age and Length at Maturity

Total length was measured and otollths extracted from mature kokanee
col I ected during the I  ate fal I spawn1  ng season for spawner age and length
d i s t r i b u t i o n s . Spawners were col lected at Scenic Bay with a gl I I net and
f r o m  t h e  w e i r  o n  S u l l i v a n  S p r i n g s  C r e e k . Addi t ional  carcasses were
col lected f rom other  t r ibutary  s t reams. Age of maturity was also estimated
for kokanee collected during September trawling.

Zoop I ankton

The zoopl ankton community was sampled in three sect ions of Lake Pend
Oreilie selected to represent the southern , middle and northern portions of
t h e  l a k e  ( F i g .  5). Five random samples were collected from each section
once a month from May through October. Samples were collected wlth a 0.5 m
r i n g  p l a n k t o n  s a m p l e r  c a l i b r a t e d  b y  a  g e n e r a l  Oceanics  f l o w  m e t e r  a n d
equipped with a 130 Am net and bucket. Vertical  h a u l s  f r o m  2 7 . 4  m d e p t h s
to the surface were made by raising the sampler approximately 0.15 m/second
w i t h  a n  e l e c t r i c  w i n c h . Zooplankters  were  enumerated by  genus us ing
s t a n d a r d  d i l u t i o n  a n d  s u b s a m p l i n g  m e t h o d s  (Edmondson  a n d  Winberg 1 9 7 1 ) .
Enumeration data were standardized by volume of water f i l tered to determine
zooplankton  d e n s i t i e s . Up to 50 organ1 sms/sampl e were measured for each
genus by pro ject ing the i r  image on a  calibrated screen.  Mean lengths  were
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Figure  5 . Zooplankton  sampllng  areas used during 1985 and 1986 on Lake Pend
Ore1  I le, Idaho.
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c a l c u l a t e d  f o r  e a c h  m o n t h  a n d  l a k e  s e c t i o n . A n a l y s i s  o f  v a r i a n c e ,
u t i  I  izing a s t r a t i f  led r a n d o m  sampl  i n g  s c h e m e , was u s e d  t o  c o m p a r e
zooplankton densities and lengths both spatial ly and temporally.

Mysid Shrimp

M y s i s  w e r e  s a m p l e d  a t  n i g h t  d u r i n g  t h e  m o o n ’ s  d a r k  p h a s e  i n  e a r l y
June. Five samples were randomly collected in each of three lake sections
deslgnated for zooplankton sampling (Fig. 5). Samples were collected with
a Mil ler high-speed sampler equipped with a General Oceanics  f low meter and
a 130 urn p I ankton net and bucket. Stepped oblique tows were made from 46 m
to  the  sur face , samp I I ng for 10 seconds at each 3 m interval . The samp I er
w a s  t o w e d  a p p r o x i m a t e l y  1 . 5  m/second  a n d  r a i s e d  0 . 1 5  m / s e c o n d  w i t h  a n
e l e c t r i c  w i n c h . A l l  M y s i s  w e r e  c o u n t e d  a n d  d i f f e r e n t i a t e d  b y  a g e  c l a s s
(juvenile o r  a d u l t )  f o r  e a c h  s a m p l e . Estimated densit ies were based on
volume of water filtered and comparisons made between age classes and among
lake sections.

I\ngler Effort  and Harvest

A creel survey was conducted during 1985 to provide minimum estimates
o f  a n g l i n g  e f f o r t , c a t c h  a n d  h a r v e s t  o f  s p o r t  f i s h e s . The 1985 survey
i n c o r p o r a t e d  a  s a m p l i n g  s c h e m e  s i m i l a r  t o  t h a t  u s e d  i n  1 9 8 0  ( E l l i s  a n d
Bowler 1981).

T h e  c r e e l  s u r v e y  w a s  t e m p o r a l l y  s t r a t i f i e d  t o  r e d u c e  v a r i a b i l i t y  a n d
provide seasonal catch comparisons. Pro ject  personnel  co l lected cree l  data
from Apr i l  15  to  November  30 ,  1985. T h e  s u r v e y  w a s  s t r a t i f  led i n t o  f i v e
1.5-month  p e r i o d s  t o  c o r r e s p o n d  w i t h  p e r i o d s  u s e d  I n s u r v e y s  p r  for t o
1980. Each period was further stratif ied into three two-week intervals.

Cree l  data  were  co l lected  f rom 13  maJor access  areas  throughout  the
s u r v e y  ( n o r t h  e n d  o f  l a k e : Gar f ie ld  Bay, Trestle Creek, Johnson Creek,
Sandpolnt, Is land View, Kamloops Resor t  and Ellisport Bay;  south  end of
I ake: Farragut, MacDonaids,  B o i l e a u s ,  JD’s, Vis ta  Bay and Scenic  Bay)
(Fig. 4). These areas were sampled two weekend days and one weekday during
e a c h  t w o - w e e k  i n t e r v a l . Severa I access areas (Trest  I e Creek, Johnson
Creek, Sandpoint, Island View, Kamioops Resort)  were  not  sampled dur ing
extreme low-use periods.

S u r v e y  d a t a  w e r e  e x p a n d e d  b y  d a y  t y p e  ( w e e k e n d s  o r  w e e k d a y s )  t o
e s t i m a t e  h a r v e s t , catch and e f f o r t  ( h o u r s  a n d  a n g l e r - d a y s ) f o r  e a c h
i n t e r v a l , p e r i o d  a n d  e n t i r e  s e a s o n . An angler -day was def ined as  one
a n g l e r ’ s  flshlng  t r i p ,  r e g a r d l e s s  o f  a c t u a l  f l s h i n g  t i m e . The number of
anglers interviewed on a given day was multiplied by the number of similar
day  types  wi th in  a  two-week interva l  to  est imate  the  minimum number  of
a n g l e r - d a y s  f o r  e a c h  i n t e r v a l . Similar expansions were  used to  est lmate
harvest, c a t c h  a n d  h o u r s  o f  e f f o r t . Interval estimates were summed for
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e a c h  p e r i o d  a n d  p e r i o d  e s t i m a t e s  w e r e s u m m e d  t o  r e p r e s e n t  t h e  e n t i r e
season. Expanded estimates were classified as “estimated minimum” because
some anglers exited the lake through unsurveyed landings.

RESULTS

Kokanee Abundance, Distribution and Biomass

Est I mated tota I kokanee abundance d u r i n g  S e p t e m b e r  o f  1 9 8 6  w a s
4 . 2 7  m i l l i o n  f i s h  ( F i g .  6). Contr ibut ion of  Ind iv idual  year  c lasses was
1 . 6 6  m i l l  i o n  f o r  t h e  1 9 8 5  y e a r  c l a s s  ( a g e  O+), 1 . 1 5  mll I  i o n  f o r  t h e  1 9 8 4
year  c lass  (age  l+), 0.68 mil I  ion for the 1983 year class (age 2+) and 0.78
miil ion for the 1981 and 1982 year classes (age 3+ and age 4+).

Est imated average kokanee densi ty  for  the  ent i re  lake  (ail age  classes
combined)  was 189  f ish /hectare  (F ig .  7). D e n s i t i e s  r a n g e d  from a  h i g h  o f
2 7 4  kokanee/hectare  i n  S e c t i o n  1  t o  a  l o w  o f  8 1  kokanee/hectare i n
Section 5. Age 0+ wild kokanee densit ies were highest in southern sections
of  Lake Pend Ore11 ie ,  whereas  hatchery  f ry  densi t ies  were  sl ightly h igher
in the north end of the lake. D e n s i t i e s  o f  a g e  l+ k o k a n e e  w e r e
s i g n i f i c a n t l y  (P<O.lO) h i g h e r  i n  t h e  n o r t h  e n d  o f  L a k e  P e n d  O r e i l l e  t h a n
other sections. Age 2+ and older kokanee densit ies were hlgher in southern
than northern sections and similar in midlake  sections.

Est imated b iomass of  age l+ and o lder  kokanee in  Lake Pend Oreille
durlng  September was 184,074 kg. Mean kokanee lengths and weights from the
September trawl catch were 147 mm and 24 g for the 1984 year class
(age  l+), 2 1 4  m m  a n d  8 3  g f o r  t h e  1 9 8 3  y e a r  c l a s s  ( a g e  2+), 2 3 3  m m  a n d
109  g for  the  1982  year  c lass  (age  3+) and 259  mm and 150  g for  1981  year
class ( a g e  4+). L e n g t h  f r e q u e n c i e s  o f  k o k a n e e  c a u g h t  i n  t h e  t r a w l  a r e
shown in Figure 8.

Age and Length at Maturity

Mature kokanee, determined from the September trawl catch, were age 3+
and older. An estimated 41% of age 3+ and age 4+ kokanee were mature and
consisted of 48% males and 52% females.

M e a n  l e n g t h s  o f t h e  k o k a n e e  s p a w n e d  f r o m  S u l l i v a n  S p r i n g s  C r e e k
(predominantly hatchery origin)  were 281 + 4.5 mm and 273 + 3.7 mm (P<O.O5)
f o r  m a l e s  (n = 21) a n d  f e m a l e s  (n = 191, r e s p e c t i v e l y . Mean lengths of
w I I d I akeshore kokanee spawners co1 lected from Scenic Bay in the southern
end of Lake Pend Orell ie were 277 + 3.6 mm and 267 + 6.7 mm (P<O.O5)  for
m a l e s  (n = 21) a n d  f e m a l e s  (n = 31, respectively. Mean lengths of  wi ld
kokanee spawnlng in North and South Gold creeks (southern tributaries) were
273 + 5.9 mm and 265 + 5.0 mm (P<O.O5) for males (n = 17) and females
(n = -141, r e s p e c t i v e l y . M a l e  a n d  f e m a l e  l e n g t h s  d i d  n o t  d i f f e r
significantly  (P>O.O5) between locat ions.
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Figure 6. Estimated kokanee abundance with 90% confidence intervals for
September 1986, Lake Pend Orel I I e, Idaho.

17



a0

s 150
k
‘; loo

2 50

t
: looP looYY
** 5050kk
3i3i
zz 100100
:: 5050

ii
&oo&oo

$3$3

a0a0

1919

100100

5050
nn

1 2 3 4 5 6 TOTAL

LAKE SECTION

Figure 7 . Kokanee  densi ty  In  Lake Pend  Orellle, Idaho, by age group and lake
section durlng September 1986. Ver t ica l  bars  represent  90%
conf idence in terva ls .

18



20

E 15

0

El AGE 4+

n AGE 3+

I AGE 2+

n AGE 1-f

El0 120 160 a0 240 280
LElwH [mnl

Figure 8. Length frequencies, by age class, of trawl-caught kokanee from
Lake Pend Oreille,  Idaho, during September 1986.
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Spawning Escapement

An est imated 321,833 mature  kokanee comprised the  Lake Pend Ore i l le
spawning population In 1986. The spawnlng run to Sull ivan Springs Creek
was approxlmately 42,230 kokanee (13% of the total escapement) and extended
from the  f i rs t  week in  November  to  ear ly  January .  The  est imated re turn  of
h a t c h e r y - r e a r e d  f r y  a s  a d u l t s  i n  1 9 8 6  w a s  1 . 9 % . One-time late spawning
kokanee counts (December) in other tr ibutaries ranged from 14,000 in Spring
Creek to none In Trestle, Twin, Hoodoo, Sand and Grouse creeks. Lakeshore
spawner counts ranged from 1,857 kokanee on southern lakeshore areas to 41
o n  n o r t h e r n  l a k e s h o r e  b e a c h e s  ( T a b l e  2). A  c o u n t  o f  1 , 0 3 4  e a r l y  r u n
kokanee spawners was made in Trestle Creek during September.

Potential Egg Deposition and Egg Take

Estimated tota I potent ia l e g g  d e p o s i t i o n  w a s  6 8 . 6  m i i l i o n  w i t h
5 9 . 6  m i l l i o n  e g g s a t t r i b u t e d  t o  n a t u r a l spawn1  ng a n d  a  p o t e n t i a l  o f
9 . 0  m i l l i o n  e g g s  a v a i l a b l e  f r o m  a r t i f i c i a l l y  s p a w n e d  k o k a n e e  a t  S u l l i v a n
Sprlngs. Estimated abundance of mature female kokanee was 167,350 from
September traw I I ng. Approximately 21,960 female kokanee were spawned at
the Sul I  Ivan Springs trap, which left  an estlmated 145,390 female kokanee
t o  s p a w n  n a t u r a l l y  t h r o u g h o u t L a k e  P e n d  O r e i l l e  a n d  i t s  t r i b u t a r i e s .
F e c u n d i t y  a v e r a g e d 4 1 0  v i a b l e  e g g s / f e m a l e  ( G e n e  M c P h e r s o n , I DFG,
unpublished data). A c t u a l  e g g  t a k e  a t  S u l l i v a n  S p r l n g s  w a s  7 . 3  m i l i i o n
e g g s  (350 eggs/female), w h i c h  w a s  8 5 %  o f  t h e  t o t a l est i mated egg
p o t e n t i a l . A n  a d d i t i o n a l  1 . 4  m l  I  I  i o n  e g g s  w e r e  t a k e n  a t  C l a r k  F o r k
Hatchery  f rom Spr ing Creek kokanee and 0 .4  mi l l ion  eggs at  Cabinet  Gorge
Hatchery from Clark Fork River kokanee for a total egg take of 9.1 mil l ion.

Fry Emigration

Hatchery-reared kokanee fry emigrating from Cabinet Gorge Hatchery to
L a k e  P e n d  O r e i l l e  h a d  t h e  h i g h e s t  r e l a t i v e  s u r v i v a l  w h e n  n i g h t t i m e  f l o w s
were high. S u r v i v a l  w a s  t w i c e  a s  h i g h  a t  n i g h t t i m e  f l o w s  o f  1 6 , 0 0 0  c f s
( o n e  r e p l i c a t e )  t h a n  7 , 8 0 0  c f s  ( t w o  r e p l i c a t e s ) .  E s t i m a t e d  t o t a l  k o k a n e e
f r y  s u r v i v a l f r o m  C a b i n e t  G o r g e  H a t c h e r y  t o  t h e  C l a r k  F o r k  R i v e r  d e l t a
was 11%.

Emigrat ion  ra tes  were a l s o  h i g h e r  d u r i n g  f l o w s  o f  1 6 , 0 0 0  c f s  t h a n
7 , 8 0 0  c f s . D u r i n g  t h e  h i g h e r  n i g h t t i m e  f l o w s ,  t h e  m a j o r i t y  o f  k o k a n e e
emigrated at 3.7 km/hr and 95% of the surviving kokanee reached the Cl ark
F o r k  R i v e r  d e l t a  ( 2 1 . 9  k m  f r o m  h a t c h e r y )  d u r i n g  t h e  f i r s t  n i g h t  a f t e r
re lease. D u r i n g  t h e l o w e r  n i g h t t i m e  f l o w s ,  t h e  m a j o r i t y  o f  k o k a n e e
emigrated at 2.6 km/hr and 84% of the surv iv I ng kokanee reached the river
d e l t a  d u r i n g  t h e  f i r s t  n i g h t  a f t e r  r e l e a s e . Although daytime flows were
a p p r o x i m a t e l y  8 , 0 0 0  cfs, k o k a n e e  f r y  e m i g r a t e d  o n l y  a t  n i g h t ,  b e g i n n i n g
Just  a f ter  dark  and cont inuing unt i l  dawn. Dur ing both  f low condi t ions,
n e a r l y  a l  I (>99%) o f  t h e  s u r v l v i n g  f r y  h a d  r e a c h e d  t h e  r i v e r  d e l t a  b y  t w o
hours before dawn on the second night after release.
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Table  2.  Late run kokanaa spawning Qround counts (early run count included for Trestle Creek] made In December
during tha 1986 spawning aaaaon on Laka Pend Orei l le  and Its tributariesa , excluding tha Grant to Creek
drai nage.

Lakaahoraa Tributaries

Southern Northarn Southarn Northarn
Si ta Count Site Count S i  te Count Si te Count

B a  aw areas

Bubb's 3
Wheel Inn 7
J.D.'s 0
601  Leeua 65
Bayvlew  Resort 225
Navy Yard 407
Private Docks 569

N--L MacDonald's Resort
Creek 0

Vista Bey 5

Subtotal 1,720

Farragut 10
Lakevi ew I27

Total 1,857

Grand Tote l  18,996

aSlnQle  early run count of kokanaa spawners during Saptambar was 1,034.

Garfield Bay 6 North Gold Creek 1,200 Traatla Creek0 0
Camp Bay 0 South Gold Creek 1,550 Waat Traatla Creek 0
Sunny al da 0 Johnson Creek 182
Traatla Creekk Rasorts 35 Garfield Creek 1
Ellisport 0 Twln  Creek 0

L i g h t i  ng Creek 165
Spring Creek 14,000
Hoodoo Creek 0
Sand Creek 0

359 G r o u s e

Strong Creek 20
Schwei tzer Creak 1

41 2,750 15,403



Survival and Recruitment

E s t i m a t e d  s u r v i v a l  o f  k o k a n e e  f r y  f r o m  p o t e n t i a l  e g g  d e p o s i t i o n  t o
September trawl sampling was 1.36% for the 1985 year class. Survival
est imates  for  hatchery  and wi ld  f ry  were  0 .74% and 1.46%, respect ive ly .  A
survival rate of 2.7% was estimated for 1985 year class hatchery-reared fry
f r o m  t i m e  o f  r e l e a s e  i n  l a t e  J u l y  t o  f a l l  s a m p l i n g  i n  e a r l y  S e p t e m b e r .
H a t c h e r y  f r y  provided  a n  e s t i m a t e d  8 . 3 %  o f  t h e  t o t a l  k o k a n e e  f r y
recru i tment  in  1986.  These estimates are based in part on the release of
5.01 m i l l i o n  h a t c h e r y - r e a r e d  f r y  (90% m a r k e d  w i t h  t e t r a c y c l i n e )  d u r i n g  l a t e
July  and ear ly  August  and the  subsequent  capture  of  16  marked f ry  out  o f
2 4 6  t o t a l  f r y  i n  t h e  t r a w l  c a t c h .  Annual survival (September to September
f o r  w i l d  a n d  h a t c h e r y  f i s h  c o m b i n e d )  o f  o t h e r  i m m a t u r e  k o k a n e e  w a s
e s t i m a t e d  a t  6 4 %  f o r  t h e  1 9 8 4  y e a r  c l a s s  ( a g e  l+), 7 0 %  f o r  t h e  1 9 8 3  y e a r
c l a s s  ( a g e  2+) a n d  4 6 %  f o r  t h e  1 9 8 1  a n d  1 9 8 2  y e a r  c l a s s e s  ( a g e  3+ a n d
age 4+).

Fry Marking Study

Survival

F r y  s u r v i v a l associated w i t h  f o u r  e x t e r i o r  m a r k  a p p l i c a t i o n s  w e r e
compared to a control group marked with tetracycline to discern differences
in  in i t ia l  (one week)  and long- term (8 to  10  weeks)  surv iva l  (F ig .  9). Fry
averaged 2,324/kg and 33 mn total length when marked.

Init ial  survival of fry marked with f luorescent dye averaged 99.5% and
tota l  surv iva l  (10 weeks)  averaged 99 .3%.  N e i t h e r  i n i t i a l  (P = 0.841) o r
t o t a l  (P = 0.818) s u r v i v a l  v a r i e d  s i g n i f i c a n t l y  f r o m  t h e  c o n t r o l  g r o u p .

I n i t i a l  s u r v i v a l  o f  f r y  m a r k e d  w i t h  f l u o r e s c e n t  g r i t  a p p l i e d  a t  50 p s i
from 15 cm averaged 92.6%. Tota l  surv iva l  for  10  weeks averaged 88 .8%.
Both i n i t i a l  (P = 0.013) a n d  t o t a l  (P = 0.005) s u r v i v a l  w e r e  s i g n i f i c a n t l y
lower  than the  contro l  group.  C u m u l a t i v e  f r y  s u r v i v a l ,  e x c l u d i n g  i n i t i a l
marking mortal ities, a v e r a g e d  9 8 . 2 %  a n d  d i d  n o t  d i f f e r  s i g n i f i c a n t l y
(P = 0.051) from the control group.

In i t ia l  and tota l  f ry  surv iva l  fo l lowing appl icat ion of  gr i t  a t  80 psi
f rom 30 cm was 86 .2% and 85.3%, respect ive ly .  Both  in i t ia l  (P = 0 .000)  and
total (P = 0 . 0 0 0 )  s u r v i v a l  w e r e  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  c o n t r o l
group. T o t a l  s u r v i v a l ,  e x c l u d i n g  i n i t i a l  m a r k i n g  m o r t a l i t i e s ,  a v e r a g e d
99.1% and was not significantly (P = 0.287) lower than the control group.

I n i t i a l  a n d  t o t a l  s u r v i v a l  o f  f r y  m a r k e d  w i t h  g r i t  a t  8 0  p s i  f r o m
15 cm averaged 4 .9% each and were  s igni f icant ly  (P = 0.000) lower  than the
control group. Tota l  surv iva l  exc luding the  h igh in i t ia l  mark ing morta l i ty
a v e r a g e d  9 9 . 7 %  a n d  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P = 0.074) f r o m  t h e
control group.

Fry growth was a l s o  m o n i t o r e d  d u r i n g  t h e  1 0  w e e k s  f o l l o w i n g  m a r k
appl icat ions.  T h e r e  w e r e  n o  s i g n i f i c a n t  (P = 0.857) d i f f e r e n c e s  i n  g r o w t h
among the marked fry treatments.
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Mark Retention

R e t e n t i o n  o f  m a r k s  o n  k o k a n e e  f r y  d u r i n g  1 0  w e e k s  f o l l o w i n g
appl icat ion averaged 1 0 0 %  f o r  t e t r a c y c l  ine, 9 6 . 4 %  f o r  g r i t  appl led a t
50 psi from 15 cm, 9 9 . 4 %  f o r  g r l t  appl led a t  8 0  p s i  f r o m  3 0  c m  a n d  9 9 . 3 %
f o r  g r i t  a p p l i e d  a t  8 0  p s i  f r o m  1 5  c m  ( F i g .  10). Average retent ion of
t e t r a c y c l i n e  a n d  g r i t  m a r k s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  (P>O.340) f r o m
100%. Retention of the f I uorescent  dye mark was 100% the f i rst week and
a v e r a g e d  9 2 . 7 %  f o r  t w o  w e e k s  f o l l o w i n g  a p p l i c a t i o n . The dye was not
recognizable during the remainder of the study.

Mysid Shrimp

Average M sis shrimp density in Lake Pend Oreil le during June 1986 was
-5-0.039 organisms Ilter. T o t a l  d e n s i t i e s  r a n g e d  f r o m  0 . 0 1 1  o r g a n i s m s / l i t e r

i n  n o r t h e r n  L a k e  P e n d  O r e i l l e  t o  0 . 0 5 7  o r g a n i s m s / l i t e r  i n  t h e  m i d s e c t i o n
( F i g .  11). Densi ty  in  the  southern  sect ion  was 0.047 organisms/ l i ter  and
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  (P = 0.275) f r o m  t h e  m e a n  d e n s i t y  i n  t h e
midsection. Mysis densi ty  in  nor thern  Lake Pend Orellle was s igni f icant ly
lower (P<O.OOZ)  than In the midsection or southern section of the lake.

Juveniles  c o m p r i s e d  7 2 %  o f  t h e  t o t a l  a v e r a g e  Mysls d e n s i t y  i n  L a k e
Pend Orei I I e, rang I ng from 65% in the northern end of the I ake to 81% 1 n
the  midsect ion. M e a n  d e n s i t y  o f  j u v e n i l e  M y s i s  f o r  t h e  e n t i r e  l a k e  w a s
0.029 organisms/l  i ter, r a n g i n g  from 0 . 0 0 7  o r g a n i s m s / l i t e r  i n  t h e  n o r t h e r n
s e c t i o n  t o  0 . 0 4 6  o r g a n i s m s / l i t e r  i n  t h e  m i d s e c t i o n  ( F i g .  11). Juveni le
d e n s i t y  i n  t h e  s o u t h e r n  s e c t i o n  w a s  0 . 0 3 3  o r g a n i s m s / l i t e r  a n d  d i d  n o t
d i f f e r  s i g n i f i c a n t l y  (P = 0.383) f r o m  t h e  m i d s e c t i o n . Densi ty  of  juveni le
m y s i d s  i n  t h e  n o r t h e r n  s e c t i o n  o f  L a k e  P e n d  O r e i l l e  w e r e  s i g n i f i c a n t l y
lower  (P = 0.000) than other  sect ions.

Adu I ts compr 1 sed 28% of the total average Mysi s density in Lake Pend
Oreil le, ranging from 19% in the midsectlon  of the lake to 35% in the
northern  sect ion. A d u l t  Mysls a v e r a g e d 0 . 0 0 8  o r g a n i s m s / l  i t e r  f o r  t h e
e n t i r e  l a k e . Densi t ies  ranged f rom 0 .004  organisms/ l i ter  in  the  nor thern
s e c t i o n  t o  0 . 0 1 1  o r g a n i s m s / l i t e r  i n  t h e  m i d s e c t i o n  o f  L a k e  P e n d  O r e i l l e
( F i g .  11). Adul t  densi ty  in  the  southern sect ion was 0 .008  organisms/ l i ter
a n d  d i d  n o t  v a r y  s i g n i f i c a n t l y  f r o m  t h e  m i d s e c t i o n  (P = 0 . 1 3 0 1 ,  b u t  w a s
s l i g h t l y  h i g h e r  t h a n  t h e  n o r t h e r n  s e c t i o n  (P = 0.057). Adult mysid density
in  the  midsect ion was s igni f icant ly  h igher  (P = 0.002) than in  the  nor thern
section of Lake Pend Oreil le.

Zooplankton Community

Macrozooplankton in Lake Pend Oreil le were sampled from May through
O c t o b e r  d u r i n g  1 9 8 5  a n d  1 9 8 6 . Gener ic  composi t ion inc luded Daphnia ,
Bosmina, Diaphanosoma, Cyclops, Diaptomus and Epischura. Copepod  d e n s i t i e s
w e r e  h i g h e r t h a n  c l a d o c e r a n  d e n s i t i e s  t h r o u g h o u t  t h e  s a m p l i n g  p e r i o d
( F i g .  12). Cladoceran production peaked in August and was approximately
2 0 %  o f  copepod p r o d u c t  i o n . Tota I zoop I ankton dens I ty ranged f rem
approximate ly  5  organisms/ l i ter  in  May to  approximate ly  30/liter In August
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d u r i n g  b o t h  y e a r s  ( F i g .  13). The copepods Cycl ox and D I aptomus were the
most abundant zooplankters during 1985 and 1986, wi th  combined densitles
ranging f r o m  a p p r o x i m a t e l y  4  o r g a n i s m s / l i t e r  i n  M a y  t o  a p p r o x i m a t e l y
23 organisms/l iter in August. Densities d id  not  vary  s igni f icant ly  between
years  (P>O. 10). The cladocerans Daphnia and Bosmina were rarely collected- -
u n t i  i J u l y . Bosmina densi t ies  in  1985 increased f rom 0 .5  organisms/ l i ter
i n  J u l y  t o  1 . 5  o r g a n i s m s / l i t e r  i n  A u g u s t , whereas Bosmina densities during
1 9 8 6  r e m a i n e d  b e l o w  0 . 0 7  o r g a n i s m s / l i t e r  a n d  w e r e  s i g n i f i c a n t l y  (P<O.lO)
lower than 1985. Densi t ies  of  Daphnia  dur ing 1985 were  negl ig ib le  dur ing
May, J u n e  a n d  J u l y , b u t  i n c r e a s e d  t o  1 . 4  o r g a n i s m s / l i t e r  b y  A u g u s t .
Daphnia  densi t ies  dur ing 1986 increased f rom 0  organisms/ l i ter  in  May and
J u n e  t o  6 . 5  organisms/liter  i n  A u g u s t  a n d  w e r e  s i g n i f i c a n t l y  (P<O.lO)
higher  than 1985. E p i s c h u r a  a n d  Diaphanoscma w e r e  r a r e l y  f o u n d  i n  L a k e
Pend Orei I ie unti I August,
organisms/ l i ter ,

when densit ies were approximately 0.1 and 0.05
respect ive ly . I n  g e n e r a l , zooplankton densi t ies  were

s i m i l a r  (P>O.lO)  a m o n g  n o r t h e r n , southern  and midsect ions of  Lake Pend
Oreille ( F i g .  13).

The largest zooplankter in Lake Pend Oreil le during 1985 and 1986 was
&I schura, which averaged 1 .8  mm long,
D.  thorata ,

fo l lowed by  Daphnia  ga leata  and
which averaged 1.1 mm each. Diaphanosana and Diaptanus had

smilar l e n g t h s  a t  0 . 9 1  a n d  0 . 9 0  m m ,  r e s p e c t i v e l y . Length  of  Cyclops
a v e r a g e d  0 . 7 1  m m ,  f o l l o w e d  b y  B o s m i n a , t h e  s m a l l e s t  z o o p l a n k t e r ,  a t
0.38 mm. I n  g e n e r a l ,  z o o p l a n k t o n  l e n g t h s  f o r  e a c h  g e n u s  d i d  n o t  v a r y
significantly (P>O.lO)  between years  or  among months and lake  sect ions
( F i g .  14).

F i shery

Total  Catch and Effort

Lake Pend Orei I I e sport a n g l e r s  f i s h e d  a n  e s t i m a t e d  1 7 9 , 2 2 9  h o u r s
d u r i n g  3 6 , 4 4 6  a n g l e r - d a y s t o  c a t c h  8 1 , 5 4 6  f i s h  f r o m  A p r l  I 15 to
November 30, 1 9 8 5  ( T a b l e  3). Game f ish  harvested inc ludes: kokanee,
Kamloops-rainbow trout, c u t t h r o a t  t r o u t , bul I  t r o u t , l a k e  w h i t e f i s h ,
mountain whitefish and various spiny ray species. Approximately 45% of the
anglers  f ished for  kokanee, wh ich made up 89% of the estimated catch and
51% of  the  anglers  f ished for  t rout  ( inc luding bul l  t rout ) ,  which compr ised
9% of the estimated catch.

Kokanee Catch, Harvest and Exploitation

Anglers s e e k i n g  k o k a n e e  c a u g h t  a n  e s t i m a t e d  7 1 , 2 7 5  k o k a n e e  f r o m
Apr i I  15 to November 30, o f  w h i c h  7 1 , 2 0 8  ( 9 9 . 9 %  o f  t o t a l  c a t c h )  w e r e
harvested (Tab I e 4). Average catch rate for anglers seek I ng kokar,ee was
a p p r o x i m a t e l y  1  fish/hr f o r  6 4 , 6 7 2  h o u r s  o f  e f f o r t . An addi t ional  1 ,150
kokanee were harvested by anglers seeking other species. Mean total length
of kokanee sampled from the creel during September was 254 mm. Kokanee
sampled f rom the  nor thern s e c t i o n  o f  t h e  l a k e  ( J o h n s o n  C r e e k  a c c e s s )
averaged 242 mm, w h e r e a s  k o k a n e e  from t h e  s o u t h e r n  p o r t i o n  o f  t h e  l a k e
(Bayv iew access) averaged 265 mm. A g e  s t r u c t u r e  o f  t h e  k o k a n e e  c a t c h
throughout Lake Pend Oreille was 12% age 2+ and 88% age 3+ and age 4+ fish.

28



!< -.” 1
1

CYCLOP! f
4 IPbx -I- d77l

T&j@gg
115 -t

I 1335
L DIAPTOYUS

’ ‘986-IA

EPISCHURA

cos-

//y/f--
Y J J A S O  1 2 3 86 86

MONTH SECTION YEAR

Figure 13. Temporal and spatial  distribution of mean zooplankton  densities
in Lake Pend Orell le, Idaho, May to October 1985 and 1986.
Vertical bars represent 90% confidence intervals.

29



1 
$8 I :985 

5.0: 1 3iseS DAPHNIA 

i 
i 

3.0 j 

1.0 1 : 
: 

.j& v)/A p)/A & r,~,, GA 

+ 

BOBYINA 

I 
Y/y/’ V/VA t-/t/, i7g7 / I /A 

DIAPHANOSOYA 

TOTAL 

NJJASO 1 2 3 8S 88 

MONTH SECTION YEAR 

Figure 13. Continued. 

30 



z 
E 

Y 

w 
N 

3; 

CYCLOPS SP 

: fi- 

- :.- _ - 

7 

 ̂ . 
L L - 

4 

4 
.  ̂
. -- 

. 

i 

DIAPTOMUS SP 

Y J JASO 1 

MONTH SECTION YEAR 

Figure 14. Temporal and spatial distribution of mean zooplankton lengths 
In Lake Pend Orellle, Idaho, May to October 1985 and 1986. 
Vertical bars represent 90% confidence Intervals. 

31 



^ . -- 

:. ; - - 

1 c- 

; Cj- 

E * 
Y 

w + 
N - 

3; ::j 

i C- 

fwF- ;;-‘,;I 

.-i%-,’ , , 

I :%?.s : ,” /:/,$ 
P’ /’ ,/ 

,: 
.r -- T-~- - _ - jl 

DAPHNIA GALEATA 

7-y 

‘T-J-7; 
I’ ,’ ,/,‘, 7 , /, -4 J, ,i / 

;-, 

i , / /,/ /;;;,;./ I 
- :!a I/F ,‘,‘/ 

‘/ .I ’ 
I ;985 

., $~,, ‘,,‘,/ 
//‘/,/ i-/i,/. / 
.yil’/; Y ;i ,,,;;;c 
rz// r,.. 

D THORATA 

I! 1x6 

I 1985 

BOSYINA SP 

c/’ I I’ 7+- q- 

/t 

DIAPHANOSOYA SP 

M J J AS0 I 2 3 85 86 

MONTH SECTION YEAR 

Figure 14. Continued. 

32 



Table 3. Estimated number of anglers, effort and harvest by survey perlod, Lake Pend Orellle, Idaho, 1985.

-

Creel compositlon
Lake

smalla Largeb cut- Bull white- Splny Other Non-
Period Anglers Hours Kokanee rainbow ralnbow throat trout fish rays trout game Totals

Apr 15-May 30 11,391 70,205 1,942 1,552 911 203 621 606 62 138 74 6,109

May 31-July 15 9,120 41,667 24,580 1,147 372 267 149 0 139 215 19 26,896

July 16-Aug 30 9,367 37,587 26,628 985 144 125 60 22 200 42 2 20,208

Aug 31-Oct 15 5,082 22,351 18,819 516 158 50 79 0 0 40 0 19,662

Oct 16-Nov 30 1,486 7,419 381 151 112 19 6 0 0 2 0 671

Totals 36,446 179,229 72,358 4,351 1,697 664 915 628 401 437 95 81,546

a t43.2 cm
b ~43.2 cm



Table 4. Estlmated catch and harvest for anglers seeking kokanee from April 15 to November 30, Lake Pend
Oreille, Idaho, 1985.

I--------^-------^------- ---.. --I--P-IL---- ----..-------

Other All game
game Kokanee Kokanee fish

Hours Kokanee Kokanee fish caught/ harvested/ caught/
Period Anglers Fished caught harvested caught hour hour hour

- - - - - - -  . - m - s - - - - -  - -  - - v-----e

Apr 15-May  30 934 4,068 1,550 1,550 208 0.28 0.28 0.32

May 31-July  15 4,659 18,999 24,196 24,170 652 1.13 1.13 1.17

July 16-Aug 30 7,343 27,930 26,589 26,548 1,053 0.92 0.92 0.95

Aug 31-Oct 15 3,137 12,798 18,583 18,583 123 1.34 1.34 1.35

Oct 16-Novv 30 226 877 357 357 2 0.46 0.47 0.47

z

Totals 16,299 64,672 71,275 71,208 2,038 1.03 1.03 1.06
--- -_I_---- -



Age structure of the catch from the northern end of the lake was 23% age 2+
and 77% age 3+ and age 4+ fish, whereas age structure of kokanee caught in
the southern end of the I ake was 2% age 2+ and 98% age 3+ and age 4+ f ish.
E x p l o i t a t i o n  o f  a g e  2+ ( 1 9 8 2  y e a r  c l a s s )  a n d  a g e  3+ a n d  a g e  4+ (1980 a n d
1981 year classes) kokanee were 0.7% and 15.25 respectively.

Rainbow Trout Catch and Harvest

Based on angler Interviews, the average catch rate for anglers seeking
trophy (>43.2 cm tota l  length)  Kamloops (Gerrard ra inbow)  f rom Apr i l  15 to
November 30 was approximately 61 hours/f ish. An est imated 1 ,754 t rophy
K a m l o o p s  w e r e  c a u g h t  a n d  1 , 3 6 3  (78%) w e r e  h a r v e s t e d  I n  9 9 , 2 9 6  h o u r s  o f
e f f o r t  ( T a b l e  5). An addi t ional  334  t rophy Kamloops were  harvested by
anglers  seeking other  salmonids. Mean tota l  length  and weight  o f  t rophy
Kamloops sampled from the creel were 566 mm and 2.3 kg, respectively.

Average catch ra te  for  anglers  seeking subtrophy (<43.2 cm)  ra inbow
t r o u t  w a s  a p p r o x i m a t e l y  0 . 1 1  f i s h / h o u r .  Tota l  es t imated  catch  was 948
r a i n b o w  t r o u t  in 7 , 9 9 1  h o u r s  o f  e f f o r t  ( T a b l e  6). Approximatel y 895 of
these rainbow (94%) were harvested. An additional 3,456 subtrophy rainbow
trout  were  harvested by  anglers  seek ing other  species. Mean total I ength
of subtrophy  Kamloops sampled from creels was 340 mm.

Cutthroat Trout Catch and Harvest

A v e r a g e  c a t c h  r a t e  f o r  a n g l e r s  s e e k i n g  c u t t h r o a t  t r o u t  w a s
a p p r o x i m a t e l y  0 . 0 4  fish/hr. T o t a l  e s t i m a t e d  c a t c h  w a s  4 9  c u t t h r o a t ,  o f
w h i c h  4 3  (88%) w e r e  h a r v e s t e d  i n  1 , 4 0 6  h o u r s  o f  e f f o r t  ( T a b l e  7). A n
addi t iona l  621  cut throat  were  harvested by  anglers  seek ing other  species.
Mean total length of cutthroat trout sampled from creels was 345 mm.

Bull Trout Catch and Harvest

Est imated catch ra te  for  anglers  seek ing bul I  t rout  was 0 .08  fish/hr.
The est imated tota l  catch of  bu  I  I  t rout  was 423 ,  o f  wh ich 405 (96%) were
harvested  in  5 ,275  hours  of  e f for t  (Table  8). An addi t ional  510 bul l  t rout
were harvested by anglers seeking other species. Mean tota l  length of  bul l
trout sampled from the creel was 496 mm.

Additional Harvest

Total  lake whitefish harvested during the survey was estimated at 628,
compr is ing 0 .8% of  the  tota l  harvest .  An estlmated 401 spiny ray and 437
m i s c e l l a n e o u s  o t h e r  t r o u t  w e r e  h a r v e s t e d ,  each compr is ing approximately
0 . 5 %  o f  t h e  t o t a l  h a r v e s t .  Est imated harvest  o f  nongame  f ish  was  95  for
t h e  reporting periods, comprising 0.1% of the total harvest.
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Table 5. Estimated  catch and harvest for anglers seeking largr ralnbow trouta from April 15 to November  30, Lake Pond
Oreille, Idaho, 1985.

Other Other Large Large All All game
Large Large trout game ralnbow ralnbow trout fish

Hours ralnbow rainbow species fish caught harvested
Period

caught
Anglers fished

caught
caught harvested caught caught (fish/hr) (fish/hr) (fish/hr) (fish/hr)

Apr 15-Msy 30 7.435 57,311 999 778 1,375 316 74 91 30 26

May 31-July 15 3,549 18,100 335 240 734 136 48 65 17 15

July 16-Aug 30 1,199 8,787 110 93 277 48 79 91 22 19

Aug 31-oct 15 1,681 0,340 157 140 343 121 49 61 18 15

Oct 16-Nov 30 1,165 6,158 153 112 137 28 39 55 19 17

Totals 15,629 99,296 1,754 1,363 2,866 649 61 70 23 20

a a43.2 cm total length



Table 6. Estimated catch and harvest for anglers seeking small ralnbow trouta from April 15 to November 30,
Lake Pend Oreille, Idaho, 1985.

----I ----..-------I----------^-Y -------^---I--------------

Period

Other Other Small Small All All game
Small Small trout game ralnbow ralnbow trout fish

Hours rainbow rainbow species fish    caught/ harvested/ caught/ caught/
Anglers fished caught harvested caught caught hour hour hour hour

Apr 15-May  30 731 3,610 320 290 137 242 0.09 0.09 0.12 0.17

May 31-July  15 681 2,785 331 318 241 318 0.10 0.10 0.18 0.28

July 16-Aug  30 99 380 97 87 27 34 0.20 0.17 0.25 0.35

Aug 31-Oct 15 201 1,000 154 154 49 86 0.17 0.17 0.23 0.30

2 Oct 16-Nov  30 64 216 46 46 2 0 0.08 0.08 0.10 0.10

Totals 1,776 7,991 948 895 456 680 0.11 0.11 0.17 0.24

a x43.2 cm total length



Table 7. Estimated  catch and harvest for anglers seeklng cutthroat trout from April 15 to November 30, Lake Pend
Oreille, Idaho, 1985.

Period

Other Other Cutthroat Cutthroat Al I
Cutthroat Cuttthroat

Al I game
trout game trout trout trout fish

Hours trout trout species fish
Anglers

caught/ harvested/
fished

caught/ caught/
caught harvested caught caught hour hour hour hour

Apr 15-May 30 154 580 14 12 122 40 0.02 0.01 0.11 0.15

May 31-July 15 102 453 I7 13 55 14 0.04 0.03 0.19 0.22

July 16-Aug 30 46 127 6 6 4 I6 0.07 0.07 0.11 0.29

Aug 31-Oct 15 47 133 12 12 40 51 0.06 0.06 0.29 0.65

oct 16-Nov 30 21 113 0 0 13 0 0 0 0.07 0.07

Totals 370 1,406 49 43 234 121 0.04 0.03 0.16 0.23



Table 8. Estimated  catch and harvest for anglers seeking  bull trout from April 15 to November 30, 1985, Lake
Pend Oreille, Idaho.

---II^------------------------------------- ------------------------------I_--------

Other Other Bull Bull All All game
Bull Bull trout game trout trout trout fish

Hours trout trout species fish caught/ harvested/ caught/ caught/
Period Anglers fished caught harvested caught caught hour hour hour hour

~~~~~-~-~~-~~~~~~~~~-~---I---------Y-l- _---^-----------^----------^_^___

Apr 15-May  30 835 4,452 365 353 439 452 0.08 0.08 0.15 0.22

May 31-July  15 90 565 42 36 18 6 0.11 0.09 0.15 0.17

July 16-Aug  30 34 122 14 14 0 0 0.10 0.10 0.10 0.10

Aug 31-Ott 15 16 80 2 2 2 0 0.02 0.02 0.05 0.05

$j Ott 15-Nov 30 10 56 0 0 2 2 0 0 0.04 0.07

Totals 985 5,275 423 405 461 460 0.08 0.08 0.14 0.20
- - - - - - - - I _ _ - -  - -----e-M- ----se--



Angler Residency

Idaho res idents  compr ised 56% of  the  tota l  anglers  f ish ing Lake Pend
Oreil le a n d  t h e y  e x p e n d e d  5 8 %  o f  t h e  t o t a l  f i s h i n g  e f f o r t  ( T a b l e  9).
During the summer months (June through August),  nonresidents maintained a
s l ight  major i ty  of  the  tota l  anglers  (55%) and angl ing ef for t  (53%)  on Lake
Pend Oreil le.

Angler Attitudes

A  maJority  ( 5 4 % )  o f  a n g l e r s  (n = 4 , 8 7 6 )  f i s h i n g  L a k e  P e n d  O r e i l l e
would  prefer  the  f ishery  more  rest r ic t ive ly  managed to  prov ide  occasional
catches of  large  ra inbow than less  rest r ic t ive ly  managed to  prov ide  more
consistent catches of smaller rainbow (Table 10).

When 3 ,742  anglers  were  asked which rest r ic t ive  regula t ions  would  be
acceptable, 77% favored some type of s I ze I i ml t, whereas 92% opposed a
shor tened season (Table  11). Implementat ion of  a  season bag l imi t  was
opposed by 52% of the anglers interviewed.

DISCUSSION

Population Status

Kokanee abundance 1 n 1986 was simi I ar to 1985 and indicated continued
s u p p r e s s i o n  o f  k o k a n e e  p r o d u c t i o n  s i n c e  i t s  i n i t i a l  d e c l i n e  i n  t h e  1 9 6 0 s
( F i g .  15). D r a m a t i c  d e c l i n e  d u r i n g  t h e I  a t e  1 9 6 0 s  a n d  1970s r e d u c e d
kokanee abundance by over 60% of predecl i ne level s. A I though current
levels remain low, abundance has not  dec l ined substant ia l ly  s ince  1978- -a
r e s u l t  o f  b o t h  h a t c h e r y  s u p p l e m e n t a t i o n  a n d  r e l a t i v e l y  s t a b l e  w i l d  f r y
s u r v i v a l  (Bowles  e t  a l .  1986). While total kokanee abundance has somewhat
s t a b i l i z e d , a g e  c l a s s  s t r u c t u r e  c o n t i n u e s  t o  v a r y ( F i g .  16). It is
encouraging that relative abundance of age 3+ and age 4+ kokanee increased
d u r l n g  t h e  l a s t  t w o  y e a r s f o l l o w i n g  f o u r  y e a r s  o f  d e c l i n e ,  a l t h o u g h  t h e
i ncrease i s  m o r e  t h e  r e s u l t  o f  r e l a t i v e l y  s t r o n g  y e a r  c l a s s e s  m o v i n g
t h r o u g h  t h e  p o p u l a t i o n  t h a n  a  p e r m a n e n t  s h i f t  i n  a g e  s t r u c t u r e . These
older kokanee make up the maJority  of spawners and the fishery.

Annual survival was similar for age l+ and age 2+ kokanee in 1986, but
s u r v i v a l  o f  a g e  l+ k o k a n e e  w a s  n e a r l y  t w i c e  a s  h i g h  I n  1 9 8 6  t h a n  1 9 8 5 .
T h i s  i n d i c a t e s  a  p o t e n t i a l l y  w e a k  1 9 8 3  y e a r  c l a s s  ( a g e  2+ i n  1986) t h a t
wi l l  enter  the  f ishery  and mature  in  1987 and 1988.  Annual  surv iva l  o f  age
3+ and age 4+ immature kokanee in 1986 was near I y 20% I ower than survi va I
of age l+ and age 2+ kokanee. Creel data from 1985 indicates that most of
th is  d i f ference can be  a t t r ibuted to  harvest .
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Table 9. Estimated number of resident and nonresident anglers and effort by survey period,
Lake Pend Oreille, Idaho, 1985.

- -  - - - - - --e-e - -

Resident Nonresident Totals-----I- - - - - - - - - - u
Period Anglers Hours A n g l e r s -  Hours Anglers Hours

- - - - - -- __I--

Apr 150May  30 7,862 48,880 3,529 21,325 11,391 70,205

May 310July  15 4,285 19,770 4,835 21,897 9,120 41,667

July 160Aug  30 4,074 17,454 5,293 20,133 9,367 37,587

Aug 31-Ott  15 2,961 13,223 2,121 9,128 5,082 22,351

Ott 160Nov  30 1,120 5,563 366 1,856 1,486 7,419

Totals 20,302 104,890 16,144 74,339 36,446 179,229
Percent of Total 56% 58% 44% 42%Pc-l



Table 10. Angler response by survey period to the question: “Would
you prefer Lake Pend Orellle managed more restrictively to
provide occasional catches of large rainbow (5-25 Ibs) z
less rest r ic t ive ly  to  provide  more  consis tent  catches of
fish up to 5 Ibs?”

Period

Regulations
More restr Ict Ive Less restrictive

Samp I e (favored large (favored large
s i z e  f i s h  slze) fish numbers)

Apr 15-May 30  2 ,342 62% 38%

May 31-July 15 1,121 50% 50%

July  16-Aug 30  927 34% 6 6 5

Aug 31-Oct 15 319 51% 49%

act 16-Nov 3 0  167 81% 19%

Tota I s 4,876 54% 46%
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Table 11. Angler response by survey period  to the question: "If more restrictive regulations are
required to maintaln or improve the trout fishery on Lake Pend Oreille which of the following
regulations  would you accept?"

-- -------I - -----em

Period
Some type of size limit

Regulations- - -
Shortened season Season bag limit

Sample O p p o s e d  - - - -S a m p l e  - - - - -Opposed
-uI-

Favored Favored Sample Favored Opposed

size size size
--------- ----

Apr 15-May 30 1,708 67% 33% 1,706 28% 72% 1,702 48% 52%

May 31-July  15 1,115 83% 17% 1,115 42% 58% 1,115 53% 47%

July 16 Aug 30 925 82% 18% 925 40% 60% 925 60% 40%

e Aug 310Ott  15 319 87% 13% 319 27% 73% 319 80% 20%

Ott 16 Nov 30 153 77% 23% 153 8% 92% 153 48% 52%

Totals 4,220 76% 24% 4,218 34% 66% 4,214 54% 46%
- -
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Figure 15. Estimated total kokanee abundance durlng  September In Lake Pend
Orei I le, Idaho, 1974-1986.
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Fishery

Catch s ta t is t ics  ind icate  the  qual i ty  o f  kokanee f ish ing cont inues to
d e c l i n e  f r o m  t h e  f i s h e r y  enJoyed i n  t h e  m i d - 1 9 6 0 s . Kokanee catch in 1985
represented a 61% reduction from the catch in 1980 and fol lows a downward
t r e n d  e v i d e n t  s i n c e  1 9 6 4  ( F i g .  17). Fishing pressure for kokanee has also
declined, with a 46% reduction from 1980 to 1985. T h i s  r e d u c t i o n  i n  e f f o r t
1 s e v i d e n t  i n  t h e  p e r c e n t a g e  o f  t o t a l  a n g l e r s  s e e k i n g  k o k a n e e ,  w h i c h
declined from 54% in 1980 to 36% in 1985. Concurrent decl i ne of catch and
e f f o r t  h a s  r e s u l t e d  i n  s i m i l a r  c a t c h  r a t e s  ( a p p r o x i m a t e l y  1 fish/hr)  f o r
spor t  anglers  seek ing kokanee over  the  last  seven survey  years  (1975-1980
a n d  19851, c o m p a r e d  t o  c a t c h  r a t e s i n  e x c e s s  o f  3  kokanee/hr  f o r  s p o r t
anglers  dur ing the  mld-1960s (E l l is  and Bowler  1981).

M e a n  t o t a l  l e n g t h  o f  t h e  k o k a n e e  c a t c h  i n  1 9 8 5  a v e r a g e d  J u s t  o v e r
250 mm and was predominantly (88%) age 3+ and older flsh. This compares to
a mean kokanee length of 256 mm in the 1980 catch (El Iis and Bowler 1981).
Age class structure of the catch varied between lake sections, with anglers
harvesting a higher percentage of age 2+ kokanee in the northern (23%) than
s o u t h e r n  (2%) e n d  o f  t h e  l a k e . T h e  f a c t  t h a t  n e a r l y  a l  I  (99.9%) k o k a n e e
caught  in  Lake Pend Oreille are  harvested ind icates  that  th is  d iscrepancy
is  probably  more  the  resul t  o f  d i f ferent  age c lass  d is t r ibut ions throughout
t h e  l a k e  t h a n  d i f f e r e n t  a n g l e r  attltudes  t o w a r d  h a r v e s t . E x p l o i t a t i o n  o f
age 2+ kokanee was negligible (~1%) in 1985 and did not have much influence
on annual survival. I n contrast, exp I oi tat Ion of age 3+ and age 4+ kokanee
was over  158, resul t ing In  a  corresponding reduct ion In  annual  surv iva l  for
immature age 3+ and age 4+ kokanee.

The 1985 trout and char f isheries on Lake Pend Oreil le fai led to show
improvement over previous years. Quality of the trophy Kamloops (Gerrard)
rainbow fishery has varied over the years. Al though catch and catch rates
had improved from the mid-1970s to 1980, both  s ta t is t ics  dec l ined in  1985
( F i g .  18). E f f o r t , w h i c h  h a d  b e e n  i n c r e a s i n g  d u r i n g  t h i s  p e r i o d ,  a l s o
declined i n  1 9 8 5 . Average length  of  Kamloops in  the  catch has decl ined
g r a d u a l l y  s i n c e  t h e  e a r l y  197Os, w h i c h  a l s o  i n d i c a t e s  a  d e t e r i o r a t i n g
f Ishery. Recruitment of Kamloops to the trophy fishery may be I nf I uenced
by inc identa l  explo i ta t ion of  younger  (~43.2  cm tota l  length)  Kamloops by
anglers  seeklng kokanee or  large  Kamloops. I n c i d e n t a l  h a r v e s t  o f  t h e s e
smal ler  ra inbow represented over 5 0 %  o f  t h e  t o t a l  K a m l o o p s  h a r v e s t  i n
1985. Catch o f  bul I  t r o u t  i n c r e a s e d  s l i g h t l y  f r o m  1 9 8 0  t o  1 9 8 5 ,  b u t
harvest  remains  low compared to  other  species . T h e  f i s h e r y  i s  m a i n l y
incidenta l , with approximately 56% of the harvest taken by anglers seeking
other species. The cut throat  t rout  f ishery  has  dec l ined more  dramat ica l ly
t h a n  a n y  o t h e r  L a k e  P e n d  Oreille f i s h e r y ; harvest has decreased over 90%
f r o m  t h e  e a r l y 1 9 5 0 s  t o  1 9 8 5  ( F i g .  19). Al though a  remnant  cut throat
population remains In the system, approximately 94% of the current harvest
IS inc identa l , indicating  t h e  f i s h e r y i s  functlonally  extinct. The
dramatic  d e c l i n e  o f  c u t t h r o a t  t r o u t ln L a k e  P e n d  O r e i l l e  h a s  b e e n
attributed to both the loss and degradation of spawning and rearing habitat
and excessive exploitation.
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Figure 17. Mean (3 to 5 year) annual kokanee catch from Lake Pend Orellle,
Idaho, April  15 to November 30, 1960-1980 and point estimate
for 1985.
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T h e  p o t e n t i a l  f o r  a l t e r n a t i v e  s p e c i e s  t o  contribute  s u b s t a n t i a l l y  t o
t h e  f i s h e r y  Is q u e s t i o n a b l e . Warmwater species  are predominantly l imited
t o  t h e  n o r t h e r n  e n d  o f  L a k e  P e n d  Orei I  le a n d  c o n s t i t u t e  a  v e r y  smal  I
p o r t i o n  (<l%) o f  t h e  f i s h e r y . Lake wh i tef  I sh up to 2 kg are abundant In
L a k e  P e n d  Orellle,  p r o b a b l y  t h e  r e s u l t  o f  e f f e c t i v e  u t i l i z a t i o n  o f  M sis
shrimp f o r  f o r a g e . Current ly , -f--l a k e  w h i t e f i s h  c o n s t i t u t e  l e s s  t h a n  1 o f
t h e  t o t a l  h a r v e s t , b u t  t h e i r  contrlbutlon  c o u l d  b e  g r e a t l y  i n c r e a s e d
through an a s s e r t i v e  a n g l e r educat  I on program. Emphas 1 s toward I ess
deslrable  s p e c i e s  i n  o t h e r  s t a t e s  h a s  o f t e n  I n c r e a s e d  t h e i r  u t i l i z a t i o n
(Bennett  1970).

Ang le rs  pol l e d I n  1 9 8 5  t o  d e t e r m l n e  a t t i t u d e s  t o w a r d  potentlal
regulat ion changes indicated a  s l ight  preference (54%) for  a  t rophy ra ther
t h a n  a  y i e l d  ralnbow t r o u t  f i s h e r y . The I nterest In a trophy f lshery  w I I I
probably  increase a s  k o k a n e e - - t h e  t r a d i t i o n a l  y i e l d  f i s h  o f  L a k e  P e n d
Orellle--abundance i n c r e a s e s . A n g l e r s  f a v o r e d  a  size I  imlt ( 7 7 % )  a n d
opposed a shortened season ( 9 2 % )  I f  r e s t r i c t i v e  regulations  f o r  K a m l o o p s
were implemented. A t t i t u d e s  w e r e  e v e n l y  s p l i t  concerning  1mplernentatIon  o f
seasona I b a g  I  Imits. P r e f e r e n c e  o f  a  m o r e  r e s t r i c t i v e  s i z e  I  imlt i s
encouraging b e c a u s e  t h i s  regulation  w o u l d  b e s t  c o n t r o l  t h e  e x c e s s i v e
exploitation  of small Kamloops caught lncldentally  by kokanee anglers.

Fry Survival and Recruitment

I n c r e a s e d  f r y  r e c r u i t m e n t  f r o m  h a t c h e r y  a n d / o r  w i l d  productlon  is
prerequisite  t o  r e b u i l d i n g  t h e  k o k a n e e  p o p u l a t i o n  In L a k e  P e n d  Oreille.
Since 1978,  annual  recruitment  of  hatchery  f ry  has  typ ica l ly  been less  than
0.5 ml I I ion (22% of total 1, but has ranged from 0.09 to 1.98 ml I  I  ion as a
r e s u l t  o f  v a r l a b l e  s u r v i v a l  a n d  n u m b e r  r e l e a s e d  ( F i g .  20). Al though
severely depressed, a n n u a l  r e c r u i t m e n t  o f  w i l d  f r y  s i n c e  1 9 7 8  h a s  b e e n
relatlvely  s t a b l e  a t  a p p r o x i m a t e l y  1 . 8  million ( r a n g e  1 . 5  t o  2 . 1  m i l l i o n ) .
W i l d  f r y  recruitment  I n  1 9 8 6  w a s  l o w e r  t h a n  t y p i c a l ,  b u t  s t i l l  f o l l o w e d
t h i s  relatively  s t a b l e  t r e n d . The 1985  est imate  was a  def in i te  except ion
to  th l s t rend,  but  may be  inaccurate due to  the  smal  I  sample slze (Bow les
e t  a l . 1 9 8 6 ) . R e l a t i v e l y  s t a b l e  wild r e c r u i t m e n t  indicates  t h a t
f l u c t u a t i o n s  I n  t o t a l  r e c r u i t m e n t  a r e  p r i m a r i l y  a  function  o f  h a t c h e r y  f r y
product ion and surv iva l . A l t h o u g h  h a t c h e r y  productlon  h a s  h e l p e d  k e e p
k o k a n e e  r e c r u i t m e n t  f r o m  f u r t h e r  decl Ine, b o t h  s u r v i v a l  a n d  t h e  n u m b e r
released must Increase dramatically to begin rebuilding the population.

P r i o r  t o  1 9 8 6 ,  h a t c h e r y  f r y  survlved 6  t o  10 t i m e s  b e t t e r  t h a n  w i l d
f r y ,  p a r t i a l l y  a  r e s u l t  o f  m i d s u m m e r  f r y  r e l e a s e s  t o  a v o i d  e a r l y  s e a s o n
f o r a g e  deficlencles r e s u l t i n g  f r o m  mysld-zooplankton  Interactlons.
Al though our  resul ts  indicate  an abundant  Mysls populat ion and cont inued
s u p p r e s s i o n  o f  c l a d o c e r a n  zooplankton  p r o d u c t i o n , t h e  typlcal s u r v i v a l
advantage of hatchery fry over w I I d fry was not ev I dent In 1986. I n  f a c t ,
s u r v i v a l  t o  fal I  s a m p l i n g  w a s  n e a r l y  t w i c e  a s  hlgh f o r  w i l d  f r y  t h a n
hatchery fry . A l though h ighly  var lable  f rom year  to  year ,  surv iva l  during
1986 was at the I ower end of the range ( 3 . 2  t o  3 3 % )  r e p o r t e d  i n  t h e
l i t e r a t u r e  f o r  L a k e  P e n d  Oreille (Cochnauer 1 9 8 4 ) . Low post-re  I ease
survival I n  1 9 8 6  w a s  predominantly  a r e s u l t  o f  hlgh m o r t a l i t y  d u r i n g
emigration  down the  Clark  Fork  River f rom Cabinet  Gorge Hatchery  to  Lake
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Figure 20. Relatfve  contrfbution of wild and hatchery productlon to total
kokanee fry recruitment (In September) fn Lake Pend Orell le,
Idaho, 1977-1985 year-classes.
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Pend Oreille. Our s a m p l i n g  o f f r y  d u r i n g  e m i g r a t i o n  indicated  t o t a l
survival may have been as low as 11%. This estlmate Is near the lower end
of  the  range (9 to  68%)  reported in  the I  i terature  for  emi grat1 ng sockeye
s a l m o n  (Oncorhynchus  nerka) f r y  (Foerster 19681.-

One factor  contributing  to  low surv iva l  dur ing emlgratlon in  1986  was
e x t r e m e l y  p o o r  f l o w  c o n d i t i o n s  I n  C l a r k  F o r k  R i v e r  during  f r y  r e l e a s e s ,
resultlng  from a low water year (52% of normal) and mechanlcal  problems at
upr 1 ver dams. In s p i t e  o f  t h e s e  difficulties, Washington W a t e r  P o w e r
Company (WWP)  man I pu I ated discharge to provide a 4-hour surge of 16,000 or
7 ,800  c fs  f lows for  one  or  two n ights  a f ter  each f ry  re lease . Flows during
t h e  r e m a i n d e r  o f  t h e  nlght r a n g e d  f r o m  0  t o  8 , 0 0 0  c f s . Under  a  typ ica l
midsummer power production scener lo, WWP would maintain minimum flows
(3,000 cfs) dur ing n ight t ime hours  (low power  demand) and increase  f lows up
to 20,000 cfs dur I ng daytime (high power demand) hours (Hank LuBean, WWP,
personal communication). Our sampl  1 ng near the mouth of Cl ark Fork River
indicated  s u r v i v a l  o f  e m i g r a t i n g  f r y  w a s  twice a s  h i g h  durlng  t h e  higher
f l o w s , w h i c h  m a y  h a v e  1 ncreased survl  val b y  r e d u c i n g  e x p o s u r e  t o
predators. N o r t h e r n  squawflsh  (Ptychochellus  oregonensis)  a r e  a b u n d a n t  I n
l o w e r  C l a r k  F o r k  R i v e r  (Jeppson a n d  P l a t t s  1959)  a n d  a r e  effective
predators  of  sa lmon emigrants  (Bret t  and McConnel l  1950;  Foerster  1968) .
W e  w i l l  c o n t i n u e  t o  e x a m i n e  t h e  relatlonshlp  b e t w e e n  r i v e r  f l o w s  a n d  f r y
emigration i n  o r d e r  t o  b a l a n c e  a c c e p t a b l e  f r y  s u r v i v a l with power
production. W e  w i l l  a l s o  s t u d y  t h e  I n f l u e n c e  o f  o t h e r  f a c t o r s  o n  f r y
s u r v i v a l , Inclluding: s i z e , r e l e a s e  site, n u m b e r s ,  t i m e  o f  r e l e a s e  a n d
predation.

To e f fect ive ly  test  more  than one factor  each year ,  It Is  necessary  to
d i f f e r e n t i a l l y  m a r k  l a r g e  g r o u p s  o f  f r y  r e l e a s e d  u n d e r  d i f f e r e n t
conditions. R e s u l t s  o f our multlple-marking study i n d i c a t e d  t h a t
tetracycline i s  t h e  b e s t  m a r k  f o r  e a s e  o f  appllcatlon  (admInIstered  I n
feed) , r e t e n t i o n  t i m e  (>lO w e e k s )  a n d  s u r v i v a l  (100%). Fluorescent dye
(Bismark  B r o w n )  a p p e a r s  t o  b e  a n  e x c e l l e n t  s h o r t - t e r m  m a r k ,  with  r e l a t i v e
e a s e  o f  a p p l i c a t i o n  (lmmerslon), h i g h  survival (99%) a n d  g o o d  r e t e n t i o n
(100%) f o r  o n e  w e e k . Mark  loss  a f ter  two weeks makes f luorescent  dyes
impractical  f o r  l o n g - t e r m  experiments. Fraley  a n d  McMuI Iln (1983)  h a d
s i m i l a r  r e s u l t s  f o r  k o k a n e e  f r y  m a r k e d  with d y e  In t h e  Flathead s y s t e m .
F l u o r e s c e n t  g r i t  I s  a  p o t e n t i a l l y  g o o d  l o n g - t e r m  m a r k  a n d  t h e  optlon o f
dl fferent colors al lows up to four separate marks.
(>96%) f o r  t h e  IO-week p e r i o d .

Mark retention was high
Appl  Icatlon  i s  m o r e  d i f f i c u l t  t h a n  o t h e r

marks, b u t  e x p e r i e n c e d  a p p l i c a t o r s  h a v e  m a r k e d  o v e r  8 , 0 0 0  f r y / m a n - h o u r
(Phinney e t  a l .  1 9 6 7 ) . F r y  s u r v i v a l w a s  e x c e l  l e n t  fol lowlng i n i t i a l
m o r t a l i t i e s  incurred d u r i n g  a p p l i c a t i o n . T h e s e  i n i t i a l  m o r t a l i t i e s  w e r e
p r o b a b l y  t h e  r e s u l t  o f  s m a l l  f i s h  (33 m m  t o t a l  l e n g t h )  a n d  inexperlenced
appl icators . In  future  years , fry produced at Cab lnet Gorge Hatchery w I I I
b e  s u b s t a n t i a l l y  l a r g e r  (40 t o  5 0  m m )  t h a n  I n  1 9 8 6  ( E d  Schriever, IDFG,
personal  communication). K o k a n e e  f r y  typlcally  d o  n o t  f o r m  s c a l e s  until
40 mm total length. Grlt marking fry that have not yet formed scales often
results In hlgh mortality and low mark retentlon  (Narver  and Anderson 1969;
Hennick a n d  T y l e r  1970). F luorescent  grit wll I  be  a  pract ica l  and usefu l
long- term mark  i f  initial marklng  morta l i ty  can be kept  under  5%. None of
the external marks we tested appear to have adverse chronic effects on fry,
as indicated  by slmllar  growth between marked and unmarked fry.
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Z&awn  1 ng

Success of kokanee enhancement efforts depends on adequate spawning
escapement and egg take. Although abundance of age 3+ and older kokanee
was h igher i n  1 9 8 6  t h a n  1 9 8 5 , t o t a l  s p a w n i n g  e s c a p e m e n t  w a s  s l i g h t l y
lower. This  d iscrepancy was the  resul t  o f  a  much smal ler  propor t ion  of
mature  f ish  in  these o lder  age c lasses in  1986 (41%)  than 1985 (85%) .  The
predominance of immature aae 3+ kokanee in the 1986 population accounts for
t h e
pro
nex
and
age

l o w e r  p e r c e n t a g e  o f  iature f i s h  i n  t h e  3+ a n d ’  4+ a g e  c l a s s e s . The
ort ion of  mature  f ish  In  these o lder  age c lasses should  increase again

year as the remainder of this strong 1982 year class matures at age 4+
the  re la t ive ly  weak 1983  year  c lass  contr ibutes  few mature  kokanee a t
3+.

sma
Spawning escapement to the Sull ivan Springs weir represented a much

ler p r o p o r t i o n  o f  t o t a l  s p a w n e r s  I n  1 9 8 6  (13%) t h a n  1 9 8 5  ( 2 1 % ) .  T o t a l
escapement to Su I I i van Springs in 1986 decl I ned 44% from 1985 and was the
lowest escapement since 1979 (Table 12). Lou adul t  re turns resul ted  in  the
worst f r y - t o - a d u l t  r e t u r n r a t e  (2%) s i n c e  i n i t i a t i o n  o f  t h e  h a t c h e r y
program in  the  mld-1970s. As in  1985, low escapement and return rate to
Sull ivan Springs in 1986 apparently were not the result  of inadequate total
spawner abundance in Lake Pend Orei I le. Although we do not know exactly
what  caused the  dec l ine , weather - re la ted  factors  and perhaps s t ray ing of
a d u l t s  w e r e  p r o b a b l y  i m p o r t a n t  f a c t o r s . I n  1 9 8 5 ,  e x t r e m e l y  c o l d  w a t e r
temperature during the spawning period impeded migration up Granite Creek
t o  t h e  w e i r . In 1986, weather conditions once again reduced escapement to
Sul l ivan Spr ings. A I  arge f reshet , produced by a rain-on-snow event just
pr ior  to  the  ant ic ipated peak in  spawning activity  ( la te  November) ,  f lushed
s p a w n e r s  f r o m  G r a n i t e  C r e e k  a n d  i m p e d e d  m i g r a t l o n  f o r  o v e r  a  w e e k .
Although these fish may have successfully spawned on lake shoals, they were
prec luded f rom egg- tak ing e f for ts . In  addi t ion, large numbers of spawners
dest ined for  Sul l ivan Spr ings may st ray  and spawn e lsewhere . Based on
tetracyc I i ne marks, i t  h a s  b e e n  e s t i m a t e d  t h a t  u p  t o  3 0 %  o f  l a k e s h o r e
spawners In  southern Lake Pend Oreil Ie are  hatchery  origln  (LaBol  le 1986;
Bowles et al .  1986).

T o t a l  e g g  t a k e i n  1 9 8 6  ( 9 . 1  mil I  i o n )  w a s  b o l s t e r e d  b y  t h e  s p a w n
col I ected from Spring Creek and Clark Fork River spawners. T h e  t o t a l  t a k e
is  adequate  to  mainta in  current  enhancement  leve ls ,  but  wi l l  not  increase
hatchery production. E g g  t a k e  f o r  1 9 8 7  i s  d i f f i c u l t  t o  p r o j e c t  b e c a u s e
fry-to-adu I  t returns have varied from 2 to 13% over the I  ast 6 years, w 1 th
a marked decl ine the I  ast 2 years. Based on average f ry - to -adul t  re turn
r a t e s  p r i o r  t o  1 9 8 5  ( 6 . 6 %  f o r  a g e  3+ a n d  4 . 4 %  f o r  a g e  4+), k o k a n e e
escapement  to  Sul l ivan Spr ings In  1987 may be as  hlgh as  340 ,000  adul ts .
Al though i t  i s  d o u b t f  u I  t h a t  G r a n l t e  C r e e k  c o u l d  h o i  d s u c h  a  r u n ,  t h e
escapement would yield more than enough eggs to fill Cabinet Gorge Hatchery
(30 m i l l i o n  e g g s ) . Based on more  recent  re turns  (1% for  age  3+ and 0.8%
for age 4+), escapement to Sullivan Springs in 1987 may be as low as 55,000
adu I ts. Th is  escapement  would  yield less  than 9  mi l l ion  eggs,  far  be low
the hatchery ’s  capaci ty . Contingency plans are currently being developed
to  he lp  of fset  potent ia l ly  low escapement  to  Sul livan Spr ings in  1987 and
reverse the apparent downward trend. These i ncl ude increased egg take at
o t h e r  l o c a t i o n s ,  r e l e a s i n g l a r g e r  f r y  a t  Sul llvan S p r l n g s  a n d  i m p r l n t i n g
these fry with morpholine to reduce straying.
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Table 12. Weir counts of kokanee entering Sullivan Springs from 1974 through
1986, number of eggs collected , subsequent fry released into
Sull ivan Springs and adult return rate.

Fry Estlmated returning
released adults from % hatchery

Kokanee &Is following hatchery releases f ry  re turn ing
Year spawned col lected yeara and year returned as adults

1974 13,549 985,000 629,200

1975 14,200 N A NA

1976 10,200 913,000 757,700

1977

1978

1979

1980

1981

1982 115,850 11,432,900

1983 79,850 6,320,OOO

1984 122,000 15,000,000

1985 75,500 10,600,OOO

1986 42,230 7,337,oooc

17,560

16,875

12,005

48,760

112,820

2,040,OOO

1,400,000

1,451,400

4,186,700

11,653,OOO

1,598,800

1,745,700

1,081,400

2,219,800

2,487,800

2,875,589

3,214,512

2,938,391

1,594,731

NA

NA

55,500 (1980)
42,200 (1981)

135,300 (1981)
29,000 (1982)

118,000 (1982)
58,000 (1983)

42,000 (1983)
75,660 (1984)

54,340 (1984)
46,810 (1985)

27,935 (1985)
20,060 (1986)

22,170

NA

NA

12.96%

10.28%

10.08%

10.88%

4.56%

1.93%

A d d i t i o n a l  f ry  were  re leased in  o ther  areas .
t h i s  number reflects only those tetracycline-marked adults entering
Sullivan Springs. Unknown numbers of marked adults have been documented
spawning with wild kokanee in the Bayview area.
A n  additional 1.76 mil l ion eggs were collected from Spring Creek and the
Clark  Fork  River ,  br inging the  tota l  egg take to  9 .1  mi l l ion .
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O u r  s p a w n i n g  g r o u n d  s u r v e y s  i n d i c a t e  n a t u r a l l y  s p a w n i n g  k o k a n e e
u t i l i z e  v a r i o u s  t r i b u t a r y  s t r e a m s  ( h i g h e s t  n u m b e r  I n  S p r i n g  C r e e k )  a n d
lakeshore (highest number on southern shoals) spawning areas. Al though
l a k e s h o r e  s p a w n e r  c o u n t s  w e r e  s o m e w h a t  l o w e r  t h a n  l a s t  y e a r ,  k o k a n e e
numbers  in  most  spawning t r ibutar ies  were  substant ia l ly  h igher  than last
y e a r  ( T a b l e  13). Thls was particularly evident in Spring Creek where adult
spawners were three times more abundant than last year. This increase was
probably the result  of outplanting kokanee fry into Spring Creek four years
ago and straylng from Clark Fork River releases.

A d u l t  r e t u r n s  t o  o t h e r  t r i b u t a r i e s  o u t p l a n t e d  i n  1 9 8 2  w e r e
n e g l i g i b l e .  H igher  counts  of  kokanee spawners  in  o ther  t r ibutar ies  may
have been the  resul t  o f  min imal  ic ing problems and h igher  f lows in  1986.
Many tributary streams in 1985 had submergent f lows and/or were partly iced
o v e r  b y  t h e  t i m e  c o u n t s  w e r e  m a d e .  Trest  I  e Creek  is  the  only known
tr ibutary  on Lake Pend Oreille to  mainta in  a  remnant  run of  ear ly  spawnlng
kokanee (September spawners). T h e  r u n  thls y e a r  w a s  a p p r o x i m a t e l y  f i v e
t i m e s  h i g h e r  t h a n  l a s t  y e a r  a n d  t h e  f i r s t  r e p o r t e d  i n c r e a s e  s i n c e  1 9 7 8 .
This probably is more the result  of high parental escapement than Increased
s u r v i v a l .  I f  t rue ,  we can ant ic ipate  an  even larger  run of  ear ly  spawning
kokanee next year.
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Table 13. Muxlmum single late run (early run Included for Trestle Creek) kokanee counts made during 1972-1978 and
1985-1986 spawnlng seasons on Lake Pond Orellle  and Its trlbutarlcs, excluding  Granlte Crook dralnage.

Area- - -

---- maxlmum - -
single counts

1972 1973 1974 1975 1978 1986- - - - - - - - - - - - - - - - - - - -  1 9 8 5 I-.

LAKESHORE
Bayview
Farragut
ldlewlld Bay
Lakeview
Elllsport  Bay and Hope
Trestle Creek Resorts
Sunnyslde
Flsherman  Island
Anderson Polnt
Camp Bay
Garfleld Bay

Subtotal
Percent of Total

TRIBUTARIES
South Gold Creek
North Gold Creek
Cedar Creek
Johnson Creek
Twln Creek
Mosqulto  Creek
Clark Fork Rlver
Llghtnlng Creek (Lower)
Spring Creek
Trestle Creek
Trestle0
Garfleld Creek

Subtotal
Percent of Total
Total

2,626 17,156 3,588 9,231 1,525 3,390 790 2,915
25 0 0 0 0 0 0 --
13 0 25 0 0 0 0 -s
4 200 18 0 0 25 0 4
1 436 975 0 0 0 0 0
0 1,000 2,250 0 115 75 138 2
0 25 0 0 0 0 0 0
0 0 75 0 0 0 0 --
0 0 50 0 0 0 0 --
0 617 0 0 0 0 0 0
0 400 20 0 0 0 0 0

2,669 19,834 7,001 9,231 1,640 3,490 936 2,921
29% 62s 25% 64s 33% 40% 19% 32%

1,030
744

0

0
0

539
350

2,610
1,293

--

6,568
7 1

9,235

1,875
1,303

267

0
503

3,520
500

4,025
18

1,100
0

12,091
38%

31,925

1,050 440 0
1,068 663 130

44 16 11
1 0 0

135 1 0
0 0 0

6,180 0 --
2,350 995 2,240
9,450 3,055 910
1,210 15 0

217 14,555 1,486

21,513 5,185 3,291
75% 36% 67%

28,514 14,416 4,931

30
426

0
0
0
0

--
1,300
3,390

40
865

5,188
60%

8,676

--
--
0
0
0
0

--
44

4,020
0

1,509
0

4,046
8 1

5,000

235
696
--
--
5

--
--

127
5,204

0
208
--

6,347
68%

9,268

1,720
10
--
127
0

35
0

--
--
0
6

1,898
10%

1,550
1,200

--
182

0
--
--
165

14,000
0

1,034
1

17,098
90%

18,996

aMaxImum  single early run count of kokanee spawners.
Excluding early run kokanee spawners In Trestle Creek.



Larry LaBol le, Denise Washick and Steve Hemstrom assisted wlth sampling 
activities. Personnel f ram Cab inet Gorge and Cl ark Fork hatcher fes were 
responsible for egg take and fry marklng operations and provided valuable 
advice throughout the year. Ivan Talbot (IDFG) kept marked fry at Mullan 
Hatchery and asslsted with data collectlon. Roger Woodworth and Hank LuBean 
from WWP provided advice for the fry release study and provlded maxlmum 
possible nighttime flows durlng fry releases into the Clark Fork River. Fred 

from BPA provided admInistrative and technical advice throughout the 
. Jim Lukens and Vlrgll Moore (IDFG) revlewed the draft report. 
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